Lecture Notes

On
Digital Electronics & Microprocessor

Handwritten

Prepared By
Sri Shailesh kumar Nayak

Lecturer in Electronics



-

Numbea Sygitm

A Numben gygrem 1 Simply a wey (o oun} .,
- Twt wmegk Gmmonly  wed Number Sysems arme ;-
O Decomat Aumben systern
@ Binanyg numben SySkM
@ Othat number Bysiem
@ Hexadecimat nNumben Syliem .

Basge /pad oy
The bare/radx ot o numbea ?‘dff.t'n cs olefined ag pat numbea
«t+ oliffenent @i :
- A numben 8Bysttm with base oa radix T will have

- Twe numbe, £yskem 3 reprefenied by Ny

w Numbea «f

- wM;n.C ™N - Neumbeg
b - base oa naddX -

Decimal Number Syctem

. Twis Sysiem hay bate 10 -
_ 14+ has 10 drstinct Symbols (o, 0, 2,34'5.6.%.%.9)

ey (4‘]8)'0 3 Hene 4 S Ane Most srgnificant Ayt (MsSD) &
8 (s ree lasq Smnificant doyit( LSD)

Binan4 Numben Sysdem

—

-I4 hot bhase Q.
- Tt has oo bage numberg @ and | -Thete, hase numpens ane
Called Bits -
- An binany numben System , goup ? 4 bikk & Kapwn as Nibble
& 9group ¢t Eight bity & Known ay 8 yte
A4 bits = 1 Nipphle , 8 bitr = 1 Ryie
- ¢x= |oll lol - MSB - mos{ sranificant Bt

Msé/ NL.SB LSB - leas} signifrent @it




Octal Numben Sysiem

i b 1,2,%9,5.,6,%)
14 posses @ dig4rnct €ymbols Cov

ex - (274),

Hexadecimat nNum bea Sy stem

- The bose Ha thiy System T ¢ e drgids €0yl 24
bea gystem Contecns Numei (& an
- ThT num a 2y =
& @pnabets ca,n,c,p,E & F) both
Alpha numeric numben Systom - i Aot e
iCopnaceston deals with NShu HONS & wpose.
-h.‘:xade:r.;aj Nnumben. SYystem Lon progrdmmmng P

m e @?}lg ,@E3JH

Convengipn

Deccmal 4o Bmarzv

ivalent
eX Converz4 (,‘_T?‘L-)—o Qmamd o

2153
2‘\2{__% :é (I1roo1),
-0
S
=)

8inanry 4o Decimal

len) .
<X Conven (10112), 40 pecomal Lauiva.len)

o
\o1t0 = \x1q+ox9_3+|x1"+\x2'+ox2
LX16 + DX+ 1 x4 + 1 x 2 +0 x|

le40+4% +2 40

22

I

"

1




&
2 tonvend (13.195), +o s boay epuvalent -

1“3 125
1le —! X 2
QHL—D | 0:250
. %2
©-50 (001
(1o X 2
* 0

(13.‘9,5')|° :(l lo| 'OOI);_

ax
~  Convead (lollt.tol),_ 40 1S decimal eavivalent.

-1
(lol11-101), = 1xots pxad ¢rx2t +122 4£1x2° + 12

+rox2 i+ 1 x27°
L
= IXI6 £ 0+ 1%X4 4+ 1X2+1X +1xL+0+H\Hg

(6 +4 +2+| + 0-5+ 0125

-

2%. 625

(\ortr-tot), = (23.625),,

Decimal 4 ocdal

& Cnverd (259), 4  octad eawivalent .

g | 259
2122 —3 (403)
* =gl )

octtad 9 Decimal

T ——

™

2% Convent (127.5)8 to tts decimal equivaleny.

(125), - Ixe® +2xg' +5xg*

- Pe4 + AXE + G X

= 64 +le+ 5

= Q5

FaN\



Decima) 4o Hexadecional
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LogiC Cadeg

Basic Galeg Univencal Gate < pecial PuepoSe Gar
NOT NAND £x-08. (XOR)
AND NO R gx-noR. (ANOR)
OR.

NOT Gate

- The NOT gake hag o Gingle inpd vaarable and a Single output vamrable.
- The NoT Opeeration 5 alto mefenced +o af ‘INVEP—S!ON' ore
\COMPLEMENTQT‘ON e

- Thid Tt outpud logit level &S alwsoyS opposite 4o the logic level
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Laput —— [;npu oudpud TF —e Y
A= A |y
L N Bulb
0 | J
C Symbol ) I N j
e (Swikching cincuid )
- Por input 4 (Y = El (Trewth rable)

AND Chade
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- If all tne onpurs O Qay Ff the nput T3 07 Mo pudpud S O
The output (S ‘1" oaly whin all the (nputs oL '1’ .

A Enpuk | oukpud
.__JD___ o
g — Y -
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A Inpd | oudpud 1"‘;75'1
Y ABLY X
o) >— P Tl
o 1 \ v Bulb
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NAND  Crate

- I¥ moy have twe o more npudS bud onlq 0N& oudpud -

- The NAND Gake ¢S a AND “Qare doliowed by NOT Gake - J4 1S a NOT-AND
overzadror\,

- Twe vudpud 15 1 when Gther one o thL (AP pn  when both
e tnputt art at logit O

= The NAND gate putpur T eXagi 14 invewse of 4w [Np Hode .
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NOR_ Cnate.

- I+ mey havf hwo o mone NPt and an  eudpud .

A NOR gad€ TS o combmakton of OR gale & ™NOT thate . T+ (] 4

NOT- 0R-  Opesadron |
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1¢ S a 4weo

i

|

—
folb
{—J]*

W
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NPt Single ot Pul logic. gate .

- pukpuk T3 highon'1' only whan only one f s
- I+ T algp Wnown oy ‘Stair cage Switeh'

= o

(legic Synbel )

- logited Expnrefcion % (Y: AR

ADG

-
—
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A B \Y
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=
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E¥NOL  (rale

-1% S a 4wo inpwr and one owput legic CirCuil .
- ouiput % AW On\:j when both the (ApWES ane Same .
= 14 also called gare of equivalnd®@ pr 'concidence logo’('-

A A
* s o o
B"—*/D‘F—X o) T B e
vV
\

0
C
| © !
t |
(( Trwh Table)

{ togic Symbol )

\-00"'(

( Switchng Cocaid )

- legical exprogcron {Y = A@Bl

- A% - AR tAg

Realizodion «f \ogiC gades using univergal gate C(NAND NOR)

g — i

NoT gate nealization

A Y=A
\Jsma NAND - __@-——

veing NoR A [

L
)

A‘N D gale rnealizadion

= AR
vsing NAND !- A-"‘-! AB |
e..—__
A—) Deh
Vsig MNeR - Y - AR

p
ol



OR aaAe realizahon

\Js’st\a- NAND !-

A

o

o -—

Y = A+8

A -
using NOR - ‘:DOL:D——Y-' e
®

Realize

AR 4 CD wsing logrc gales .
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Boolean Algebna

“Twe binany opeaadinns pefoamed by any oligitel  cincust with 4o Set
of dements 0 & 1, ane called Wgical operations o logit.  functiong.

- Twe algebra wted bo  ymbolially nepnresend ng logic functon 3
Called MRoplean algebra -

- Bwlean algebra 3 a SyStem of Mamemake Wyt For ANe analy(is
& degigning of digital Suctem .

AND opeaatitn
AA =
A-0 =
A -

-
-

By -
> 0 >

A -

OR Operzation

AtA = A
A+0 = A
Arl = |\
A+Aa =1

(tlgTOpemu'oq
= A ) ﬁ:(ﬂ Fé::\\

Laws «f Roolean f\gebra

>))

Commutative lawg

© A48 = B+A
@ A8 = B4
Associatve  Laws

™ A+t8) +C = A+ CB4c)

) (AB)- € = A.CB-C)



Distnibadive Lowos

© ACR+c) = AR+ Ac
@ A +Bc = (A+B)CAtC)

Idempoience (aw

 A-A = A
@A*&:A

Absoreption Law

O A+AR = a1 +B) = A

@ ACA+R) = A

Inwlutivnany  Lew

(A') = A

>
n

Ce Mongan’s Theorem
® The complement of nwe product «f vaniabled T equal 4o fhi tum of
iNndividuad complemonts -

e re
AB =4 +8
@ The complemeni «F a sum ¢f Vaniabes ©5 equal 40 thL product
ot tnaart individual complenents.

AtB = A-B
Transpesition Thionem
AB+ AC =(A+C)A+B)

Prood  pHS =(A+C)(A+R)
AA +AC+AR+RC

O +ACH+AR + &C (A+4)

ARt anc + AC+AcCg
AB C14C) 4+ Ac(C1+B)
AB 4+ AC = LHS

-
-

"
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Proof «t Devongan’S leww

A glaldlag|as A+ | A4+ D m_:_-_'j
o oflt |\V[| o \ 1 e : '
o t|1]o]o \ N L e
L ololt]o |t \ v (& |
v fofof i Jo Lo v 17 \0 )

Cimplifrcatron of logic expreifion u.gnj Beoleon algebro |

2x Solye +he Pdlowrng

© xx¥ * XYY+ Y YXX
@ AR +4AB+ARBTABR
@ (A+8)-ABcC

@ P+PRE + &te

@ Ay axrz t xCYt XY)

;% =
X.x:Y + XYY + Y-Yx-¥
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Canonical forem

AUl the teemg  contain all the vadiables eitherz (0 complementany o

N ancomplmentaay  foam .

&®  fean,c) - ABE + ABC + ABC

Minteam

Minteem 1S a paoduct term, ({1 Contoins all

twe vantable | emthest
Com prementany

oz uncomplementany foan for thad Com bination
Ane Ranctpn oubpal must be 1.

- In mindeams e aflign ‘1’ o each uncomplemented varable &

\ 7Y

o' ‘o eath complemenied variable -
Mox term

Maxteam 1s a Sum terzm, it Comdwing all 1he varjables £ither
complementony o unomplenentany fForzm foa fhad  ombinadion +he
furciion outpud must be O
- Ta moaxteame we Qassign 0 to each uncomplemented vaaiabie &
{ to each complemented variable .

A B Mind €wm Maxdeam

g ©0 © Mo = ABC Mo = A+B4cC
o o | m, =ABC My = A+ B +C
0 ( 0 |my- ABC M, = ATR+C
o ' | |msrABc | Mg A+BLT
. 0 0 |myzABC | Me = ALBYC
I 0 | |mseABe |wg= ArBIC
( | 0 |mgeaBE |m cA+BC
\ | \ lm",' ARC Mq -A+B4T




&,mn of Produd foam ( SoP)

- The SOP expression ugually daxet the foam of two.or. ™Mont vaaiableg

ANOM 1‘092“\9_[{_.
- S0P forme ane used 4o write logical exprafsion fon tha output

becoming  logic s

Netadion - pca,p ) = 2mMC3,5,6.3)
Y S Mg + Mg +M, + M3y
Y = ABc + ABC+ ABT +ABC

Product 6f sum form (POS)

- The POS expreigion wually takey dnwe form of +wp oOL MOmre ORed
VariableS within parentiuses , ANDed with hwo on momre Such teamt .

- PoS Hoems aar wsed +o waike logical expres(icn Fort Ouipud
becoming lgrc ‘o’ .

rotadton -
£CAB,C) =TIM(0,1,2,4"

Y = MgXMxM;XMy
Y = (A+ B+ (AtR+TIA+T+C)(A+B4C)

Stancland Sum of product forem
- I* % o4(o colled canonical SOP Porem -

X Y = A+ BT . Reprefend in Canpnical Forrm

Y=zA+BE = A(B+8)Cc+L) + BT (ATA)
ARC + ABE +ABC + ABRLC + ART +4 BC
ABC + ABc +ABZ+ARC +ARE

Stondatd Produdd ¢f Sum &am

- Tt S also called canonical POS Foem.

X Represent Y=(B4C)CA+RB) in canonicel Foam
Y =(B+C + AR ) (A+B +¢C)
—(A+B+THICA+B+EYI(A+ B+ ) (A+B+T)



Kanaugh Map (K-map)

The Kartnaugh map (S a graphical memod which paovidef a Systemadic

method Forr Siplifycng +he Boolean expresing

- 1In tuas technique ke infortmadion contained

- In n-vaciable k-map tene ane 2" celle .
- Citoy code Wag been Uged oa e identification of cells -

Two varziable K-map

- FPourt cells,

R

A &0 Mg | M,

A4—| ml!nTss

Z(—! Mg M3

in a dawthtable
ow available {n Cop or POS foam i represented on K-mMop.

( forn SOP) (e POS)
Theee vaniable g-map
- Eight cells. 8¢ 8¢ 8 BE WL, B F4c
gt ot & 8 t 2 T A
AN 00 01 V1 1 A 00 01 N1 g
A olmo|m|my| m A €0 M,\m, M-J!'W»:\
At {myim |m [mg By “‘\\Ms\ "‘1\"1;
((Foa S0P (For. POS)
Four vartiable. K-map
- Six4een cells - o
b Tp co <O CxD C4D C+D C*¥D
p T 1 T ¥ BCD Ly 1 1\ '
AR 00 0! 1 10 A 00 o\ % \p
A% ¢ o | mg | m, %V"“zl A+ (—-oo1 Mo | M| M3 | M2
1
Ag € 11 | mumf s [T | BB ey | M Mg | Mis|M
Ap <o | Mg|™ | ™u ™M A48 o Mt\MqlM“ Mo
( for POS )
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Simplificaton «f Wgital Runctions using K-map

Simpti ficadion ot logical functong with k-map S bakd on The
Principle ¢t Combining “erms in adjacend cels .

Looping

“The exprestion fon owdpud Y can be Smplified by propedy Combming
those Ceuls in twe k-map which Containg 45 for SOP ot O'S for
pos . The procesr «t combming tnese 4's or D's ¢ Called looping.
- (inoups ane made up of 2,4,¢,16 % Go on.

- By fo\dma K-map over & edges, Hyg numbea ¢t 1's or DS
ove.n.lappmg formg 4ne group .

looping Qrtoups «? two(pairs)

Lovbping a pain 6f adjacent 1S in a k-map eliminaleS +he Wariable

thaq4 appeanS (N Complemented & uncomplemented Form -
R
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Looping 9roups of Fourt (Quads)

Looping a quad 6t 1’S eliminates A4hose +4wo varmiablel dhat
appearr in both complemenied & uncompiemented Form.
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Looping Qnoups of eighf (Ociets)

looping- an octet of 1's eliminates thoce thrzee vamiobles that
cippean. i both complemented & uncomplemented foam -

D
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semplificodion ruwlet

- Contruct the K-map & place 1's in +hose cells conwpondma to
the 1’S in ke truth fable .
Cxamene the map Forn adjacent 1's & loop fhese 1's which are

not adjaeni +o ony other 17g .
- ok for Aose 1's whith anl adjaceni 4o only one othen 1 - Loop
any pair Cotaining Such a 4

- LooP any octed even it containg Gome 4's twar hove adreeady
een \ooped

- lop any quad it GMRINS pne on mont )¢ which have Not
odMady been \coped . Making Suae to wie thi Minimum NO. «f loops .
= looP any pains necestany 4o include any 1’s that have not %t been
WopPed, Mmaking Suw? to use 4he miniMum numben «f loops.

5 Foam 4he OB Sum of ail the teamS genenoteo by each 0P




Lmplicany

Implicant (s a produd 4enm on the gwen function Foa thot
Combinatitn Hwa Pfuncdn owtrput Mudt be 1.

Prime Lmplican) (PI)

Paime cmplicant 7S a Smallegi possible product team on dhe Given
Punction , Memoving any one of the liteaal faom whith ¢S Not
possible -

Essential Primg Amplicani CEPI)

Essential prame implicant is a prime impticant (1 muat cover

aileagt one mintenm ,which s not covened by Ny othur prime

imMmplicanty -

ex
Z Fon tW gwen K-map .(ind implicant , Prime implicant & Essential
Prime wmaplicant -
N TR T T

SIT] O

\ \U. - .l E‘l‘;}"z

lmp\](aq{ = totad Nno- ot 1 = N
Implicant = ABC , Alc , ARC , ABC , ABC
Prime Implicant = 7 ,AE , AR, BT

Escenti ) Prme implrant = AR , AR
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Oon'd Cane condidron

- Seme Logrc circuuts Ccan be designed %o ftwal Ahene ol Certam
iDL combMmadrons Fon whith thane QW N0 gGperrfied vuwiput

levelg yusually  becauge these npat CombMoadions will neverz
OCaure .

- So a ¢iacuwit deSignere 5 frree to make 4na swdpt fon any
‘don’t  cane’ condition eitheng & 'G onr 1’ in ondet 4o produce
e simplesy oudput exprassion .

- It S denoted o8 '4' on ‘w’.

- MaPping of don't Care S nNol compwiCory .

£x

= Solve twe followmg

® In teamg «f SoP & don't tang Condiironsg
TCAMB.LDY) = Sm C€1,3,%,11,15 ) 4 d(o,2,5)

@ In termg o POS & odon’y cane conditione
FCABC,D) = TIMC4,5,¢,7,8,12). A (L, 1,%,9,1,14)

Loletion
@ feam o) = Sev(1,% 0,15y +d €0,2;5)
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Solve 4he ?otlouuma fncaron wimg K-map & fmealise e reduce d
Funciion Wing (L) NAND gates (D NOR gades
@ F = $_M(o,l,4,$,\‘l., \3,‘8’10"1/‘}‘4)
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AB A% Y 10
oo | | |(©)

0 0\
1 0 H

lo 0 J O
Y=(C+D)(A +8 +T)

: (C4D)-(A+B+T)

- e+D)+(AtB+C)
c

A __4®=7

& Semplify 4ne Boolan funcimn . F = sm (1,2,4,5,6,7)
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Combinationa) Logre Crmcust

4 '
A Combinational Ciguait Congicts of an nkerconnect’oN % logit gates

Whote outputr @l @ny instany G At ane deenmined faom
?'U-&U\-i Combmoatitn of 0 puds omd

= stale
The Combmatpnal cracart do not wie  aay memomy .The peev®e

6f iNpud doel Aot hove any effect ON the present Siale vt et
Cieusy -

-

The combmatdna cincuit Can have an 'n’ aumben of inpuss and
M numbert «f oudputc .

.

bt Combrnational = “.d
& ‘—'—’ oy
1 npuds , Carzeansd : ouiputs

——

combmatitnal crzadit degign

@ JTdentify number of mputs & ouwtpuds .
@ Conttrzuct +ruth dable .

Write owlput logical exXprgsion .

G ™MiaTmize logical expred(ion .

() TImplement logic  cirendt -

Half Addert

- The half adden (S an aathmedt Cacuid sl 48 s
addidion ¢ Awo single bitg.

_ Two inpwt variables lo tue half addee desrgnate +us aqugend 2
addend @S ond 4ne OQuiput vantableg prroduce Ahe Sum & Canay

Hal & i Sum (S)

Adder

. Canny (C)




T readt i Table
—— AR

dnpuk s MMJ
A B S ic
© © e o
o | \ o
I o | o
Ll | 0 1
The lgica) expressron fon S & C 3 obramnd using
Sum (€)Y
Caruz-JCC.)
& 0 \ % (o) \
0 © ?
)
( l® e |
S=AB+AR - ADE C = AB
legi ¢  diagnam
A \ Q
B D
C

Holf Addea wiing NAND gaies only :-
Y
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o —

BT 2

N

k-map -



"E? Adder using NoR gatel only

Fuwl Adder

" A Fuwl addern s a combinaticnal Cracwit Anat peafonms Ane arithmedic
Sum of tanree inpud b . IF consicis of thnee iapud vaaiobles
oesignated by augend ,addend & e caeny bt - The +wo ouwtput
variabls pPhroduce e Sum & Conay .

- The Ahimd Mmpud C epeienis 4we Canny fapm 4w ey iowy lowest
gmnTficant PoSitTon .

A
& _ Full Adden S
Cine—mi Cout
Treudh Table
Inputs 0wl put \
A % Cin S CM
0 O ©O @} ®)
o o | \ (9]
©:'l © \ (o)
o \ 1 (0] [
\ 1 o o || o)
| o | D |
' \ O |o |
| ! SR \\ |




S
um () C&ﬂ"j (Coul)

eV o V1 p

LV T
VL A \

8 = RBC4 ABGA ABLH ABC,
= A(BGand) +ACELF B

Qlin
"
0 | ‘
\ \

= ACBO + a(B0Q
A (B®c) + A(B®c,)

!

- A@B@Cm

togic diqguo m

carmj C Cowd)

co = ABC+ ABC +ABE + ABc

C CAB +AB) + AB CT+c)

\1

C(ADR) + AB

\!




Full_Adden Wing 4uwo Half addens & an OPR- gate

Holf Addern

L0 Sy P SRS

N
w1 Adden Qum (8D
¢ R |
Can A Adden
Caaay (Cow)
RUl Subtnacior

‘A £ Sublngctoa S QN arithmenc Circuri whith Perfoems A
Subinecton between 4we bids faking iatp account fhat a ‘I’ may
have been borrowed by & lowere Signifitand Stage .

- fun Cubtmacton hag thaee npultsS & too oudputs .

A Ful | —— Difference cd)




Truth Table

T npud ol puk
A B C d b
0O ©0 O o) o
c O | | \
O U © b
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( 0 O | 0
| o | 0 Y
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et

00
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o
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arf“j
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. Kctucyas ©F

b =

-
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B (AT+ L) + BLACHAC)
g (a©c) + BCAOC)

ABC+ ABC + ABC + ABRC
cCAB+AR) + AB(C(+L)
cca®g) + Ag




L°97 & Dfal;"ttan']

A
B - D D o Diflerrence (d)

-
XL—-D&

Roreo vl (b)

t‘ulhp!e)cerz (Mox)

"M TS a (ompmariona) Qrasd thed  Selecds binaay ™Mformain
from one of Many capy Uner and ditecls o to Smgle owipud
tne .

- Tt Sefectin of q pasticwoz npd Line % Comrielled by a Sek
ot selecton Llines .

- Twete ace QA" NPl Lines g n Seleckion Unes .

- Muwltiplexen S also Known a3 Data Sedectorn

crmouil |, univetsal {(ogic  Convenr

manj to ong
, PAaallel Yy seaial envweateaq.

OwiApud

90 S‘ Sn-t

M = Tokd no. «f datn npd

no- Number ¢f Selection \ineS




AX1 Mutipexen

applied 4o the
- Bath ¢ 4wt foun tnputs To, 31/ T0 5 1s ousde‘;aon Linel S, 8 S, -
pud of MUX & logic levels applied to W

Yo

Ihh—2 4:1 Y
s Pl MUX

13

5‘ So
(Rleck. Diagram )

Function Table

S| Sa|Y

0 o | Y — -S.‘-o]o'f'qugI\ T S.g;jz“' 5\5013
ol ) L !

| 0 1-;,
KR

Log:c Cirt i

o

Se
=¥




DemuMiplexert € DEMUX)

: : Yela)
" A demuMiplexerr is 0 comnadional CEcuii thad weceEs infortmats

on & Single Une & trangmits this 0N ©ne st 27 possible
Oukput lines .

- The Selection of o specific owtput Line ¢s Condreolied by The et
values ot n Selecdion Lineg

- Oemultiplexer (s algp known ag data ditributrorn , serial 10
Parallel Convemten , ONe_ to Man y ciroady -

- Ir 5 wid to perfoam the neverse openadion of MUX-

Two Selexdion lines o &S, enable only 0ne gatt ai a 4Tme &
the cake aPPearma, on 1ht tnpuld Une will past thapugh o
Selected gate 4o 4ne asspciated oulpux NG .

b=
1%4 v,

DeMux —y N

S S,

funciion Table

O o

S, 30‘ Ya Ya ¥, Yo
0
|

o
- ¢ O
Q ‘= O
©C ¢ wO
O C oM




logic Oragram

g‘ SO 1

ERc

Encodert

~ Tt has, 27 Wpuwd lineS & n cwpat Lines -

- out of 9" input Lines only one i acrvated ak a giveny tme £
paoduces an 0- bt oudput dQ. , dependmg upon whith aput T
adi'vated

1.__{——""“_, Yo
;;._:__—j N

Im:‘;—e{___ﬁ Y'\-l

Encoden. S wsed toO coavent othen codef 4p binamy
. ockad o binamy  encedese CEF X3 Liae)

n. Decimal ftO RCD eNcde (e xa Gne)




Pecimal to Beg Encoden

-1t eSS ten NPwWs (g 4o 1) , & Poun_ pukpuds c.onnupondrrw o BCD
Codes -

100———
.Irn"— —‘Yo
?‘_‘Enwo\m{'—“Y?_
 we— ———
l¢ ~— T
11'_—
I¢ |
1q

( Blox Dragmam’)

Trth Table

j:q Ig Iq I‘ Is‘ I* T; Iﬁ. I|10 Y3 Yﬁ. Yl Yo
0 0 0OOODODOOD | |lo0 o0 0 O
© oo 0009 \0o0 |00 | D©
o ooo oot ooo (0 o0 \ |
o 00001l o o000 |0 OO
00001000000‘0\
g pporV e WO e e b 1R
00100000000"\
5 j g oEWB@Ep 1y O 0

0o o000 00O ' g= 0
i ©O

Yo = I +I1t Is I3 4+ 1,
Y, = TutIs +L ¢Ig

Y, 714 +Is+ Iy tL

Yy = L t1q




logic Diagmam

5000 151, 1; 5y Tq

oY

| Yo
! L ?D'__v Y\
|| | =) Y,

Decoden

- T a4 Combmaitona logic Circuit 4hat Conveats bmand P amairon
faom ‘0’ iy tpud  Uneg 40 a moximum 2" yatque oud put Lined
- 0n4 one Output Lne IS activared foa. each one o3 possible

combinativns of {npud -

- Detodenns ant wed tp convert ‘-

I Binaay 4p oOctad (L 3x% dlecoded.)

2. Bingqey to Hexadecimal C4xrlg decoden )
2, Bep 1o deécinal (4x10 decoden)

Yo

Y
B

Yon.




(3x¢ Decoder )

J J J
9 - 1o 0
(3] < < < <
o s " 9
4] @ Y
@
r
o 50 0 g 00 - g >
-
> 0 p po 0 -—-29
vﬂ.OOOOOIOO \
yle oo o_-000
Y.u.OOO\OOOO
VM.OOIOOOOO
VHO|OOOOOO
¥l-— oo oo 0o 9O H_
300.\\.00.\1
e No
)

<oV

3x § Decodert

LOQ'\C. o agaom

Trath Table




2A-bid Mmagnitude Comparator

- A ompanraton. wied ‘o Compang oo binarty nAumberts €ach uf
+wo bite S called @ 9-bii Magnitude Comparator

- 1t consigts ot Ffoua npwas g threee oudpds 4o generale less than
eatal to , & Qreattn than bethween 4wo bhinary numbeas.

Qi —— A>B
e Companaten — Acg
Act
Trewth Table
Toput outpud

Ay Ao | B Bo A<E | A=8 | a)g

O 0|0 o o) ‘ o

0 O | | ) (&

o 0|1 D | o 5

(0 o ' l O (o)

(o) l| o o @) o} |

o 1| o | O ! 0

o 1|1 O | 0 o

O L[t l o ()

| 0 (¢ 0 o |

| ol o | O o) \

| ol '\ © 0 | 0

| ol | | | (o} o)

| |10 © o) 0 1

| | o | O (o) \

| U W 0 0 \

| ! 0 \ o)
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A8 = AB, +A,8 8, +4,0,%
A=B
220
APON_® _of 1110
o | N
o
W\ '
1o ) k
A=Q = A .
= A D, (RoByt Aoy TAIB, (A + AeBo)
:(zogo thoBs) (A, +48,)
= (AoOBo) (A0OB8))
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Sequentia Logre Crreuit

In a Sequeriial CGiroalt , the ouwdpul (S dependent wpon the preetent

PutS a4 well af 4ne past MpulS & oudpudl

Tt Sequentiad Circuits include the memofnty elements |, which

Srorte ‘™e pasi iNpuls & ouwipuis .

All the seauenttal Cirtauts ane clocked cirnusts fnat (5 all

Seauentiak Citouits wonk with o clock pudse -

1n  Sequential cCitcwi{ 4he owPut S a Function of Mo present

inpuds as well ag the pagl iNputs & ouvdpuds .

Com binaitenal

Seauentrar Ciacuid
Cincuwid < w

~IN this Mmemony (S uded to St+orw proviowt Oudput & Clock Pulle
decider, 1wt amound Ufh’“l wquined 4o 30’ ‘MLMP'«&L

Oiffeaence between combinadivhal gs‘etwen}ro.l Cincw 4

Combinational Circuils Sequential Cracaifs
-owpuds depend only on preesent " Owlpuds depend on both presend
inputs - PSS and presend
- Memony elements ane not
- Memony elementt ane rnequired .
Regquined

elock Signal 75 not neguined . | - Cloek S9nat 1S nequinect:

Feedback poth 7S not pruesend - - Feedbatk path S  present:

combMadicna)l Civcusts ane - Sequenkal Gatilt wak  Spwer .

fagten-
. Ty oAk EA5Y B BEETHE - Ty ane dofficwlt 4o design . -




" Tne Qequentral ciecuits ane Clesgsifred 08 Sychnonout Sequeniial

Clicrds & aSynchnonout, sequendiol ciawiy depending on tne dimng
of thein Signals .

Synchnonous Sequeniial CiR cui |

- Twe thange (N NPt Gignals can offect memony element upon

ackivation  of clock Signals .

The mMaximum operaironal Speed of clock dependS o 4ime delay
wolyed.

- 1IN Awig CTR@id |, memony eleMents aat 'Clooked £lp-flops

- It s easien 4o degrqn

It ¢ Qerenally 'edge m'oggveol‘-

Asgyncheonouws Sequentiad Ciecuid
Twe Change (n iNput sf
instand  of 4ime -

'

jrals can affect memony element at any

'

Becawse ot absen® of cClock , thil Crrawt can operaie fagien than

Synchnonowst Cirusit -

In 4wig Cimewiq |, Memony elements anl eithenr ynclouced ?“'P'PWP‘
ort Afmge delay elemends .

Mone diffraud 4o detign .

I+ s gmrtallj leved m;ygmed .

Clock Signal

Clock Sihaat S a Pertodic Signal & (K ON 4me & OFF 4ime ned

not be Akt Same . WE Can rwepmetent the clock Signal af a Sauanl
wove , when both (i ON time & OFF trme ane Same .

SVM—U‘U

ov
—
Tine petiod

- In 4niS case. the fime peniod will be eomal fo eithenr hpice ¢f ON tme
prn fwice st OPF time .




- The neCiprocal of e bg perziod of cloek Signat (S Kaown o4 o

frequency of e clock ggnal -

- Al Ythe Sequential Civcuits ont operaked witn Clock Gignal - So . The
?uq,uem’ o whith the GSequentral circwilts can be openﬂ‘("
according ly 1At Cloek $7gnal faequenty has to be chosen -

Types of 'Trugggrz;na

- leve *'Uagcmna
’ Edgc +ﬂ.1'39e,uf‘a

Leves trrggeaing

Thene ane two levels, namely logic high & legic low N clock
Srqnal ‘followma ot e ftwo typeS of level TuEggeung

© Negative [evel triggeningy

Posih v evel 4"(53(“("\8 - 1f e Sequeriral Cirtantt S owaﬁj{d witn

fwe clock. Signal when 4 1§ in logTe high ,then thas type of
+rtr33e¢z:n,8 (S known at POSitve leve —fnrggemma. .

_J—‘r_r—?-@vc level

Negadive level trerggening ;- 14 twe Sequentral Circuit iS operated wth
M clock Srgnal when ¢ 1S N 6giC low , then that rype of
is Known @4 Negative level tmggening

L
R it

+rggening




Edge 4nig 9enma

Thae ame two H4Pes f treangitions ~nat ocurt A0 e Clock Signal.
That means , the clock Signal transidrons efthen from togic low to

Logic high (on) Llogic Wigh 4o  Legic W -

There ane oo types of edge trriggening baged on e trzansdions of
Clockk signal .

- Posiive edge 4rirggenmg
- Negatve ecge T ggening-~

Posiive edge tnrggeamy ;- If e sequenttal cincwit 75 openaked with
™ML Clock siqnal tat S transittoning fhom gt low fo Wyt hrgh,
men 4nat type of teiggermg L known a4 posiive  edge *ﬂ-‘.rsw'g-
It IS auso called at ruismg edge trergaening .

/ , 4£|

—

Negatve edge 4nirggenind : [f tne Sequential Clcuit S operated
With 4we Clock :rew tnat S 'har\s‘ﬂmnma freonm loaic high o

Logic. low , then ~max HyPe st triggenmg Known a3 Nejative
€dge hrsgea.m% I+ % aMSo celled &8 ‘ga\(h‘\a» edge &Qraacrt?na,

j[aRaRay




S-f Fip.Flop

S i .
L

CloeK, =i

>

R
Trewth Table

Clock~| S Qasr | Stade
0 X X% Qn
i 0 O Qg Hold
1 o | O |Reset
1 (Y l Set
1 o X  |Towalid

Clocked S-R FIip Flop with prafet & cleaq -
Preeset

S
- X R
| P 1 a
C\ot. »—
™ 2 s
o
P et

- When Prfed =0 & Cean =], then the owtpd «f Gared & 1 & hat
of Care-2 S O . whith 75 independent ¢t inpute S 3 R, and 4ig
Plip-flop v Set -

- when pwfet=l & clear= O, then the owtput of Gake2 iS 1 whiek

makeg +ht Ouwlput of Cate-] S O (i€ R0, whih v indlependen 4
sf inpds S &R, and fhe fup Plop S meget .




When peset=\ & clean=1 ,Men outPds ¢f Giate! & Chake-2 depend
m .

otherr inputs . For normal operzation , Preset & clean ant connected
to logic 1.
- Wwhen patsed = 0 K Clear =0 ,tan owipuds of Gake-t & Gare-l iy to

become 1 . Hene, the unceatain State oauas & henc@ , Putet=o &
cleart =0 & Nod wed -

Lapud Ouk Pt
S R | Pretet| Cleax| @Rasy !
X X | o) o Sk
G Flop —
I o | | \
L l | 1nvalid G
(Trewrw Toble)
TK Fup flop ugng S& flip-flop
Pxfel
. 5-R Q
Cloos
FlipFlop
i w—af™y -
&
Clear

- The unceptainty N the Stade of an S-R Flip Flop wﬁen S-R=|
Con be eliminated by cbnvudm%. i+ ingp e J-k FlLip-Flop .

$s3.8
R = K@



Inpate | outbuis Japuds to SR | owt pud
3 K a'\ an S R Qf\ﬂ
0]

0 O o | ) o EQ“
o O \ (®) () o (

| © o | [ 0 { } ’
| © {1 O 0 0 |

o | o | O O (o) go
O | | o [o) \ o

\ \ o | | O ! -Q,,
\\ \ \ © 0 | O

Truwih Table of Jk TlipFlop

—

Douﬁ T K | Gas
®) x X Qn | 2 Memoly
' 0 D| @ (|- Hed
l o | 0 |2 Ruet
L1 o |1 |= sa
| |

Qn | = Teagsle

Race Around Condition

. 1f owdpud at the FUpPFlop iS 109Qled MomR than onk Hfor one clok
Completion wen <t 1S Known af Race anound COonditdory orc Racing.

- SR g D Flip FloPs are fuee from race Condition -
- Edge Aruggezing S also free faom rtace condition -

- Race conditron may be ottuned pnly N \evel émggem,\a TK o
T- Fuip PlopPs .

- To avoid Mnace condition , thene oane two methods -

® To maintin tew < tpacery < T T - 4ime peniod , tpy - Pulse widih
@ Mastea Slave T K F“P fAop LN(“‘) ~ Propagadron *la.:, «f FF

—




Mastén Slave Jk Fup Flop

Ly

J——/ S - ® |

clock. [——c\w‘
K —i ® A ® |
-\ LN

=

21

X . wt Ane  Freest
-The ouwlpd «f second S-R Furpflop S given o e inpwt

e Fiip Pop ofiet
- The Clock (S directly applied 1o the first S-R Fuip Rop

dhe NOT ©5 appl:ed 4o Ttk cecond SB Flip Flop -

{ d
When Clock. =1, the fiest Flip clop S enabled & the sécon
Pip Flop (s disabed .
- Sice e S€wnd Flip Flop S drsabled , 4he outpuk Cannot be
Changed duamg fne clock , whith (S the input B the fast
hWo
£1p flop . Hence , inputs ant not Changed dwaing e clock § T

problem of ace -anound Conolitton <5 reesolved .
wheny clock =0 , e feasd fip o> 3 drsabled & 4no Second

Fip- Plop <5 enabled . The owdpud of fast lip- Flop S the (npud
Gor the Second Flip-Flop.

- The firs{ fup pgp iS Known ot Masten & 4he Second S Kknown
at  Slove .

=D

Clock,
S By
| 7" | ~
g r Ry
Clean
i o

) ( logic Diagmam )



D - Fup Flep

T+ has only one inpud meferned to ag D-inpd ot data inpat

ot Presed
D 315 | \__o

J-K () D| —
ort D
> -
Clak [ 5-R er> i
FF - FloP a
KIR & r“
T TR Cleart
Trwth Table
clocr. | [>) (G,.,ﬂ
O X R4
1 0 (o)

clock pudSe .
owlpul ax the end of ™ pd

' the
- The ipuwr data  appears al '\ et

Tuus 1he 4mangPen of date freom the caped 40 the outpul
g hence the name deey (D) FUP Flop -

T-Ftip Flop

-In o J-k PP Flop , iF J=k tW aesulting  Flip Flop ¢ Mefeared

do as a T-type Fup Flop .

- 1t hag only one fnpat , refenced Y2 af T-input -

Presed

& ‘ JPW_"
N P

(v
w& Fu? F(OV

K

T Clean




Tauth Table

cock | T | Qax]
o | x | K
| 9] Gn
! [ én

- The olegrgnakon T comes Faom fne abilihy of fne FLP Flop 1o

Tog9le on thange gQiale

Applicationg «f Fup-fiops

(@ Sewial & parzalled date clotag€

@ Data transfea
Setial 12 parallel Convemten

@ Parzallel 1o Seriad converzt et
() Loteh

@ cosntens
@ Fwenc‘j divigioN

Modu lug ¢f a Countert

gomply MOD tounttr are defined based ©n the

. Meduluf (ountea. O
Sequence Ahrough tefore

Aumber of Shaies 4nal the Countet will
iueqing back 10 s ofiigiaal AMaules .
"ex - g A-bit Counten. Anad Counks 'gv.om po, 4o \a
A modulel Vare ot 4 Cog-—,o\-é\a—iu')  Tuelfone & O
called o ™odmlo -4 pn mod-4 Countert

ia bmaay "ay

- Mod-
d-K up Counker Can Couni K humben of States Foom O4o K-




4

(ﬁunmce bédween Quachronout Counter & Agynch@onowd (puntet

Synchnonowt Cowren

Agynchaonoud Cowntet

o AN e £iplops ane tniggened 1. Qiffeaeni TlpFlops ant rarggenced
gwtianeously with the Same Clock: | witn diffenent Clock:

7 (PeRAATON (S _Bacien | 7. Openaton & Slowee:

3. AnY Reausied Sequence can be | 3. will operate only 0 0 fine
gesianed - Count SeqMeENts -

A DES19NIng 1S Complex og Ane 4. Designing 15 xSy wen £ mond
nwmber of Slates increases . numbea of Stakd

. (ours -
fexe Ring Gunten , Johnson (unie | 5 e BiPPIE UP@unken ,RIPPE DO

46t Agynchronowd (punten

. {4 cosste of o Semies Connecton uof compmenting T-k £ip-f1oPg,
win e owpd «f each £iipflop connected 1L the Clock puise mMpat
f the nexi h‘:ghﬂt bitlgen ‘-Fupﬂop.

o 8 ) g‘-‘-P Aop hOId*"\a ima LS8 receves L U\COM«’C\@ clock PMSeS

( logi € oliusﬂﬂ"‘j

Opertation
U Hene negcuhve edge Amggenmg (s applied « Se Flip Fleps Change theie
Sde on me negaive Jong edge oF clock pulte .

®N04¢ that adl 4ng -?(.-p Flops are consdened n 1vagled mode.

Qo will Change ({5 State N eveny Clock pulSe .

@ 8, wil) thange &s S+ole when Bg will Change From 140 0.
@ G will thange {4k Stake whia &, will Change faorm 1 ko o.
.® @s will chonge ik Stle wWhen &, will chgnge $aom 1 40 O .

i



Trun Table

Clock| @3 @, & @
V) o o © o)
i o o o |
> o o | ©
3 o O | I
4 o 1 o o
S o | .0
6 o | | O
1 o ! )i
& | o O ©
g {4 @< @°
1o , o | ©
w1 o v 1}
[ | 1 o O |
3 I | o |
14 | I | ©
IS ' l N

laikially ot Alip Alops aae Set {0 ZeAO -

- The moximum possible Ctale = 9_4 =16 CFrom O to 15 )

- 1£ twe inpat clock ‘PM‘WMU  F then e owtpud ‘ﬁ-wwenca
s ‘F/|(,
- It S a0 4 bit uP Countert , whith Counis Fwom O 40 S

- For 4 bit down Counter , POSHVE edge UGy appired &
Clock 3 9wen Faom O (o) negaiwe ed |
9e tmiggeacy 7 ap
ploaef

& clock 3 given Fromn R

four bit odown Counterr Counts from 15 40 ©
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Asyncnnonous Decade C(ounter

- Herte 4wt 4otad Numberz oFf Fup flops e
numberz ¢ wed State

- CLR s used 4o clean Anr FUip Flop

- In ortdea 4o deSign a non binany decade Countert @ log

¢S uwled whicth detects
l0lo appeaas it cieans all tne £iip-flops -

04

\0 Stade Trom

cw.’rteal

c-¢ O -

ovoo “4O

=10 & 4n2 numbe 'L un wseel S

oo

(s 4, thas 4t

Yl = 6 -

"'Lgouk-»

% ar Soon

Trudh Table

Clock

O oo e v d>wp—0

)

- g © 0o 0 ° o




4 -bt  Synchonout (Counker

-~ In Synchronpus Counten all +he £rpfiofs Quwen

Presest Shate | Nexd Stale « FLip Flop Tapuds
Q ]
3 Q’_ G\ QO a; Q; Q: GO JO KO I. K 3,_ k]_ 33 k’
0O o o © o 0 o | I X|o X |0 % |o x
O o o | o © | o X L1l Xlp x |0 %
0 o | © o o 1 | X | X 01lp %X [0 %
c o ! | o | 09O | X ‘| X | |1 %x|o x
© | o O o | o | | X |0 X |x 0|0 *»
© 1 o | o | 1o |[X V[l x|x o|o X
o | | © o | 11 I X1 X 0% OD|po X
o 1 1! 1 0 oo [X V| x YV x [ X
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L 1 1 1 oo o X kx| x
0O O OO

Iy @R Ko

N\ W on 1 10 — e
w bl T T 1% ] i8N, U¥ o' 11 1D

x | 1 )
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3} Qe
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i e /Q;& v o 1\ ID
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|
» | x |\
\o P A \x \l
J.’ s QLQ.G.
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1
-Jo Qo = j‘ Q‘
LA
L K
(e S s S
Clock

( Legic Dragram )




Registens

- A egsten 5 a0 digint crrawit with two basic fanckions i-€. data
Storage & oate movemeny .

& B !
T4 s ba&ma-\lj a group «f Liip-Llops Los.'ca.llj connected *° penfonm
variowt fuaciong .

- To stone o gapup of N-bif wonrd, the numberr of Llip-flops requrred
¢S N (one ot each bit) .

- A negisien S o group o binany Storage Cells Guitable fort
holding binarry informatron . In addition +0 tha Plrp-floPs, a0 nagiThea
Moy have Combinatonal gades qwal peafoam ceatarn dota
processing rasks . Thus o regilien CONSTHS «f a gnoup oF
pup-flops & gMUCS That effect Inain 4reansidron -

Shifi Regrsien

- A rugisten capable of shifting 1he binary infornmation endened
into it ftom an exteznal binaay Lounce S called tThe ghif4

negistert .
. Tt is o Sequendial cimeui{ mainly used to stone o swift binany

ot to the L£4.

date eithen +0 The nrghd
pulse Whith cauwtes shify

- Ay Flipflops necene a common clock

Paom one Siare to twe nert:

- 1n ShifF regisien Cach clock puise Snifis ML (onienfs oFf relTiea
one bit pPositton 4o the @rght ot left -

Classy frcaton ot Shifd Registes

(D sSemial IN ,Seaml OUT Shift megisiec Cs150)

® Serial IN, Pacallel QUT Swif+ mgriee (S1P0)

@ Pacaliel 1N, Senral OUT  Shif negrten (PISOD
@ pacatel IN - Paraliel ouT %hift megTier CPIPD)

I~ Inpsk
OUT - Owkpwd



© Serra) IN Senmial put swift regrsten (S150)

- TWe <Qemial N Seatal OUT shifd WM accepts thwe date Scdfa-"j

onhe bl at a tme on a smgle input Lne - 14 produice s tha stoned
binany nfonmaition on (tS Single outpul LE N seial foaam -

Cata frput —
> 03 Q; - Dz G‘ .0' & = Do Qo

i | ( l S
Ry W (&) R

-led the binary inforrmation 1101 S applied 10 the ™Mpud -
- Qince shif} negwien S negetr | 30 initialy all the Lup-fIop vutpals

Clox

ane =zerd <€ 0000
Dato 101 iS applied 40 e mpud ime. . Thenefonl (n e rvght

Snify; SISp regska , LSB data applied ot the MSQ FF (Da)

Sk Az Q. @, @, |ctock
LT3 s il I
; 0 0 |
0\.4 \» \o a
= ‘:’ : :o S

\ \ 4 .

- 1a ' by nesTiee , 1O enten. A’ pit data ,(+ nequines " Cloex

pulces in Semial foram .
- (P n' bil data 3 Stored N $150 negrsfea then ouwtpat I faken

i+ mequines (n-1) ctloek pulser.

Qentally , Poa ths
ed tu prioyide A Clock puiges odelay to tna

- Q150 megistea 75 W
{nput olata .



s

@ Seial IN Panaliel OUT swif regrster CS1PO)

10 S Shift regien  data T entened in Searal foam bul

pufPd TS taken in Manolle| Porm - Thenefore ,ONe th2 daka

Storud each bt Y Available on i especiive oulpud Linet
Smrwdranco\q\d N

@5 Q, o Bo
Dado Lapud T ‘
10 Dy G m Do G
P >
G & & | %
ML B -FF __l LS3-FF
Clock -
1npet Dada lllOll Ry QB Q, Qg | ddock
O 0O 0 o | o —laittaly
\ o ©O © |
®) | O O .
I O 1 oD 3
| | o | 4

- fon Storing N-bit serzial (apwd Odate Numbert GF Clock pulses
negquined =n .

- fom N-bi{ Parallel owpd data 4o be Srorred tne Numbe @ ‘

v} Clock pulses mequinee - o .



@ Paalel N Semial ouT Swifi pogpden (P1SO)

In PISO Shifi regitten 4ne dodn b ame enterted Smuliungoud!y
od e outpur  Seially .

: Dy Da Ds 04
0
) 2 E Ein—"
5 + & > ar > 2 Oudput
ClocK

- when E S ‘one’ aput date gven m when E 3 ‘z.m;:oudpu.t
taken .

- Te Stone pPanalled dada 6F N-bit i+ requineg 1 clock pulse -
. To Stone Geniol putpd dada oF A-bit the No. (f clock P g
eavined ang (N-t)-

(® Parallel \N Pacallel OUT gwift negrien (PIPO)

- In thrg rwegigdea the mput s a paralle| eNtny & toe outpuy
(s algp taken Simulianeouly .

D

2\

L || \
l l f |
&_/ v’f —

Paaajle) outpul

Clock

- for pacalld 1N doda the num bea of Clotk Pulse mequmed % 1
- for. pPacalled OUT data 4ne Number st clock PwSe moquined <S5 O .




MicropPrroce SSort

MR
: {"‘“Qoprto«'e,r;on is a mulliple panpose progeammable Clock daven,
G ten

baged electnionic device that neads bnany enShructron S

Fro

P M memony , acceprs bmany dade ai input § Processong thi
Ura, Qccort.a\mg 40 thme  iNShuettons wrttlen in Ane memeony.

- TM

Micoprocescpa s capable of penformmg  Compuding finetions
Q 2

\a ¥ -
NG decisions 4o change e Sequence of progran) execution.
il 31

mittopnocesson Can be embedded (N a largerr 84Stem, & @9
Functron 4 e CPU ot a (omputen called @ Microtompuied

cpv g
‘ ' ALV j '
i ' Oudput
J ' | Device Conw' uan . Device
’ ’ Re,g:s'KfLS N
i S LR p e

o ear -V oo w

i ( Block Digrram et Micrrocomputt )

- Tapud device S a devic@ thad trrongfens MNébremation From oukide
woreld 4o the Ccompuler - Rxampie . Keyboand , mouse, micaophone efr-
The owipat devite 4nansfens (nfoamation From Computet to The
w\éi‘dﬁ worttd Wke menifor, printens , gpeaien , pn.o_jcdort etc .

(o)

Me morey s an electnonT medium +thad Stones binany i~ foamation.
CPU ((entnal paocefsng unt) s the heaad sF computen Systems,.

Trne micnoprocefsot (N ony ~icrocomputen alis as a CPU-

Tt CPu ¢€an be made up with ALV, CpP , Regitiers .

-

_ALL S e group of cinadts that performs arithmedtre &
LOQ"C“J operations -

. v C(centeol unit) @S agroup 6f Cicadits 4ned Prrovide tmings

& signals 4o adl the °Perca4rong_ ia e compuiert & contreol$
me date flow:

)



S¥Stomn Bus

A busl (S G group of winks/lines wied 4o transfen dat0 between
CoMponents NSide o computen ot beiween computenns . Twey ane
Communication path wled 1o canrty 4me grgnadf between

Micnopnocestor & peniphenalg .

The Cysiem bus of a microprocessor 6 of 3 HypeL

O Address Rux

- I4 i€ a grnoup of (nes thal are used 4o Send o memony

i reocestorn
wddress on o device addness from ThE micop
; al -
unit (MPLY o tht memory oz tMe perpher
- The oddress bul & alwoyl uni-olinecdional -2

goes ol of 4hg mMicno Proceisonr .
e n fon a MPU Then (4 addnfilmg

addres ah;:gg

- 12 12 oddrresg Lines anr

capacity €S 9N, |

\
() Data Rwst

- Tt S group of
on & Ppeiphénals
(¢ alwoy bc-al:rLcc+ror~.a.,|.

Lines uled to teanSfert data betwe€n Ang

micropreocefs GNd (ot Moy .

. Qata bul

(® Contreol Bul

- (ontaol Rw pnovides grgnals to contro\ e flow of datq -



Architectune of gog% Microprotefot

I"‘S‘,';“n‘;‘ff SID soD
Yo-idid L 7
Inde znupt Serzial ]/0
Contro) Conirto!

I T s
L T 7 I il

pa—

Temporany| [gratug LnStawtion] [ &) «g
Actumulabe Qesteiee Flags Regivien ‘
ary D ®[E (®)
. . JL H @ ¢
‘ Metic 1nSauttion Stacw intern
— & Decocien a%q‘ )
logic uni4 &
) = 3 Bw) machine Progme wuniee
P‘ Encoding InCrementen /
i Decnermeniean
4 J - Address Laxh
Y -l Timing & cpntreo cie)
Ko — unT4 1 JL
\L l r R 'l ‘1 SAs J L Ju'
Clock conteol Srgnals  (Addeeic Dufren] [DATA Aedicess
U Bufren
AS"AIQ ADQ‘ADq
Acldregs Buy Addwress [ Data
Bug

ALU

The anithmetc 8 Llogic uait, ALy, Performs Grithmetc & logical
OPemmm SIA.C,h a'g Add”{oq ‘ Submaf"mq ¢ (ogiml AND > oa 2 xo& 3

NOT , incneament decnemend | lef+ Shift , notade (ef4 , notate g hi.

clean etc .

Teming & Contriol uniy

- The fmmg & cwontrol unit s a Seciipn ef g <PV - 14 genenaiy
dming & Comaol Signalt which gae necestany fonm e 2xecwtion

st inStucirong .

- Jt cNinols dato flow between CPU & penipneraals-



Connected 4o ¢t . Thut it €3 geen 4hadq 4t contadl untt of the CPU

acts at the brain of the compuiter Systcm -
Regisier

- Regrskens are wied by Fhe microprocescon For temporany Sloraje

& Mmanipuladiion 0f data & Struciions -
- 80gsn micnoprocestor Nag Awe fot\w}mﬂ ruarxkﬂﬁ P -
)

® one @iy Accumulator (¢ Regthet A i
E,N& L

@ six e-p Geneal purtpose neglTieas These and B, <, 0,
@) One le-bil Stack pointer , SP

@ oNe le-bi{ Przogrom counten pc 3
(%) InStrucdcon negiten

@ Temporany megitee |

- BO08S micrtoproceston aleo contains a Sed «f Fove FlLip flops which
Qeave as Fflags onr giatus flags

Accumulatorn

- Tne atcumulaton (S an 8-bit negrstea astocrated with 4he ALLD-
Twe negisten A in the gogH (S an altumulator

- I+ s wied 40 neold one of e openands of an anithmed4ce orc
legical opergtion - It Semvef ai one input +o0 the ALV.
C The Pinat meswli ¢Ff an arithmettc on legical operaiton ¢S

Placed n the accumulator .

henertal PUWIPOSE Pegicieng

- The 805 wmicnopreocesionr (onteing SiX E-bid 9general-Pupose
r(LaTSfoLG- Th‘ﬂ ang B' CIOlE/H & L Msrs“'f-‘t

= To nold (6-bi? data a Combmadron of 9 ©-bit negTtens can be
employed - The Combmadtion « f jwe @-bid negilicns ¢ Known
ag a register-pair- Tho valid flegisten pPairs cn tne ogw ane
B-C,D-t & H-L.

- The H-L Paire (s wied +0 act al memony pointen & Forr tiiy punpole
¢ holds e 16-bit addrett ¢F a memoaj locatcon -



Program tountea ¢PC)

T4 tS a 16-bit specra puapose rnegrstee . I+ 5 used +o hold 1he
MeMonry addaigs of 4we nexd nstnuctcon o be execufed .

The micreoprocescon NCne ents e content ¢f the PrOgam
Counte d*—'f't"\g 1he execution uf an  instrzuciton so That ot
Points 40 the addmetc of +ng Next Asteuction @ thi
p.“"%S"-‘"\ aX tme end of tne —execution UF an ctructoo .

Stock Pointer € 5P)

- Tt s a |e-bit Special purtpose Megisier - Tha Shack S a seéquence
er} mMmemony locaktons <cer afide bj a pegrammet Yo Storee/retrrieve
the contents of alumudation , flags , Prognam tounten & Yenecal
Punpose megticas duning -he execufon of a pLegRam -

— The S+ack pointca (Sp) Conirolg a.ddrc.e:s:na 6T e Stack - Tht
SP holds 4ne addreg of the 10p eement of clata Stored N
e Srack -

Tastruuction Regitien

- The (ASiruction fegitten holds twe operatron cede on tnStructadn
Code & 4mg (NStruction which being Adecoded & eXxecuid .

Temporany Rogrstea

- T4 TS an %®-bit negister dssociated with "he ALV, I+ holdS data
aLurU’Na an amtthmeric [ logital opesration .

- It 7y wied by 42 micneproceftorn - I't IS Not accessible 4o programmen.

Flagg

- Q085 micnepaesso containg fove fipflops 4o Se ve a3y Etatug flagy-
™ Careey Filag (Cv)

@ fPaaity Flag (p)
@ Auxiliaey coaey flag (AC)
@ Zeno Flag (z)
® sign Flag €S)

PN



@ C““R'j L‘(qg (Cy)

- Aflen tng execwdDn «f an anithmerc instructton f a canty i
Pasduced | 4ng Carey flag (y is Sex o 1 , othenwise <t @S O

- Aften g add i4ion «f two §-bd Numbeas, (£ the Sum 3 langet
T™an § -bids |, a caray s produced € 4ne caney flag 5 sel o 1.

@ Paﬂl’fj ":[Q_g CP)

~ The parity flag P iS5 ced to 1, i€ tung rult of an arithmeadic
O legical operatron containg £ven numbee of 1'S: T4 v reset
on o ,if ™2 nrefuit endaing odd Numbee of 1% -

D) Auxil:ang Carny flag (AC)

- The ouxiliany Ccanay flag holds camny ouk of tine bt numben 4 40

e bit Number § neguidmg Fom the  execwtn of an Oa«ithmesc

ppeot mn -

® zens Flag ()

Twe zeno Siatut Pag Z ¢S Sed o 1, o e nesuld o an acithmefc
ort logical Operadon 5 0 .14 4na redwdt 5 N0} 20 2 Flag ¢S
Set 40 O

® S9N Lfiag (S)
The sign flag S 3 sed 40 1, (f +ho nsuld of an anidthmetic or

logical Operatn ©S O - 1P +he negdt S posiive ke 4190 Flag
(S %ed to 0.

'3 J T Undefined
S|1Z(x A x |P |x |cy

Stan flag . ’ T— ’i[ T— Canany ﬁa_J

Paer s
2010 ﬁaj Aumlrauj ‘?ta;j aq




2 aAoo t® % £q

£
0" @9
\'100 -0 11

EqQ - I 10l oo
loll 0oV OO

= Regwi S non zew ;
T MSe of e cum S 1 [T 4] c-e mesdt S negatve .

- ’\:W 5 a CQQ,‘J Pﬂ.bm 4™ bk to gt ‘AC: 1 !
- Thene @ a ca ety Genenated ot The fiaal bt on MSB
- Thene anc 4 no. ut 15 |E= ||

cCe —

(even no-uvf 1)

Pin Diagram
Vss 2] AD,- AD
Vet :;I (—> ADo~ AD;
e > As- As
= : C Lk (ovr)
RESETINe—> —
Rserwré_ £E—— HoLD
tord el INTEL ——S Hipa
085 K—— Tra?
So br—
S <« K—— RST 3'5
D <« Kk—— PAST 65
we  Sa— ke—— RsT S5
e —— InTR
SIp —
SoD &«—] —— INTA
Ag"AlS

These cne addnets bud & ane wed Hon the most Srgnificontd biis

ot the memory addnifl om §-bits (P I/p oddmess .



,-‘l
e

ADo - AD;

Thete ang tome multiplexed oddressidata bus ¢ € ey Semvl dual
PLTPOSE - They ame wsed fon tne least Snficand §-bils of the
Memony addmen om 10 addaegs duning the Rust Clock €50 of a
MALKInG Cycle Agamn they ane used o data during Second & tuied
Clock. cycleg .

ALE (Addaess Latch Enabled

. T4 7S 6N oddmass \lokh enable Signal - T4 goes high dunmg At Lok
cucde of o mathine Cycle & enable 4he lowee $-bifs oF the address
Ao be latched:. I+ goeg Www for cdata pperat®n .

To/

“T4 TS @ Shodufk Stgnal Whick diSHnguithey whether e addrett T3 Fen
memory O /6 -

- when T4 geet W9h, twe addeedf on tho addeel bur TS Hon an I/o

device - whan, o go€2 low 4w addaf on e addmil buf for Q
memory location .

go ’ gl
Thege aneg Sttiud ggnals  gent by e micnpprocesion fo drsfingwiTh i
vaniowd types uf opecwation .

S, So | opmwltﬂ'\

o} o Hal4

0 ! Wi

1 0 Read

\ \ = etth

Rp

Wwhen micaspescesson neads date faom a Memony bocation on inpud
device .k 8 coled Read opeted®N. RD T a Gignal Sent by e
microprioceffon to e memorty [ nput déwrce to conino) Reod operaton

when o+ goes Lew , il Selected memony ort input device @ mead:



R

When Mictoprtocesson Sendc data 0 a mempay locatron oa an oudput
CE Tk o3 Called wnite opematron. WA (3 @ signal Seni by 1wt
Micoprocessorr to tie memoay /outpud device 4o coniaol wrei i€

opeation when &t goes Low |, the data whith ¢y on 4wt dato buf, s
writhen nfo the Selecked memony oL Sent fo tne outpud clevice
B ERDY

"I T a signal gen by an inpud or oudpad device o the r Tertoprocede
Thrs Stgnal indicates that #t (npul On Owipud olewvite T rt-eaola o
Send ort rweceive daka

- Tl micappnocegor exommes READY ¢rgnal before O+ penfornms
date 4transfen openation. A Stow Mpud omn Oudput device s conrecied
40 48 micrroprocesion though READY [NL-

= when READYy t hiah, (1 indicated that 1he inpud o owrpuk Sovite
@3 ready to sand ort neceve doedn - when READY 3 low, thae
Microprocessore walts 4l READY beComesg high - Tha mMicRoprocelfon
eXxominef e 3Statug of READY Signal in 1the Second clock cycle
oF 12 maonme Ccycole -

HoL o

-When anotnen divice ot tne computen. Cysiem, nequiney addreelf

& data butes Fon datu Hrransfen , i SendS Houp Srgnal to the
micnopreocef Sor - Aften receiving the HOLD nrequest |, thae mrcroprocesion
Sends Out o HLDA (HOLD Acknowledge) Siqnal to the devicg -

- Then the micnopnrocesson leaver fhe (omao| overt tha bustes ag Soon ag
tve (uanent machine CyYyde S completee]  The micro prrocedson
Rgains the (ontnd! oven twe buwies afien the HoLD Signak S
remove

HLDA

- 14 is o HoLD acknowledge Signal seni oud by the microprotesfort
often reeceiving the HOLD Signat © 14 S Send 4o the device whith
hoat issued the HoLp Srgnal - After it memoval of the HoLD signal,
the HLDA goef low, and teneafien ML micrioprotefion. 4akes
overr. the buses .



INTR

“J1 <5 an cateraup} Signal Sent by an exteanal device to the

MILaor OCessoT . Thnough this lWne an external dlevice (nfoums

\ inidratd
miCnoptotecsor 41had (4 (S ready 10 1mansfer data ore 10 Nt
Cettuin pperation -

© The gBogs micriopreocestoe has 5 catennupt lines - The INTR TS
one ¢ Hum - whan 1 Qoet hGh, The micnoprroce on  Suspends tne |
execution of (e nommal SE€quence ¢t NS tructions A fren comvle’mg
e Cuntent mstructmn at hand, o atiends The foyenaupiing chevice .

INTA

I+ s an indenaup acknowledge Signal (ssued by o miceopruxefion

afiee MCCEVM@ an inkraupt nequest fom an exiennal devite, - T4
TS o low actve Signad -

RST 5.5,65,35 & TaaP

Thite ane intertaupis. Wwhen an intermrupd S necognised 4he nNexq
inetution (s execwied Paom a FPixed locaiton (N the Memomy

TRAD — 0024
RST 545 — 002C
RST &5 — 0034
RsT 365 — 003C

- Thz TRAP hat 4ng highelt preionity among intecnupis - £+ 08 @A
nonmaskGble indearnupt -

RESET IN

T4 rwegets the paogrem Counter ‘o zono I+ alfD neseds orvberteup b

enable & HLDA Fuptiops - It does nol affect Gny cther fiag on
negiclen except 4ng iNSleuckio N negisdea - ThE CPu § held in neted
condit®O af long o RESET T applicd

PESET ouT

1+t iadrcales that fne CPU S being moges .



- N

—_— .

Thece o feaminals 4o be connected 4o an extennal  CayStal oscillajort
whith oleves an intennal Cineaity of +he microprocescon to preduct
A Suitable clock R tha operation «f micnopPrOLEfon

CLk

It s aclock Oudpud forr uten, whith can be wed fon otnge dgital Tce.
Tts HFrequency 15 Qame ad whith PrOCEASoN OPeaales.

S1p

14 7S data line forn <enial (pud. Thicg
o\_a.ta iNto micnoproceson Searally .

Sov

Pin O wed Fon neceivmg tho

It adato e for Senial ouput . TWIS Pia 5 used Ffon sendag

The data faom 4na MitczoPrOCesSOr Sentotly .
\J—CC

+S wvolis Su.pplj

Vsg

Cinound referren e



STACK , STALK POINTER , STACK TOP

- — -

- becomef necegrany

Dumna ™2 Executivn oF o Program Sometmes ,
resisiens

to Save the tontenis of centuin regigteas because tht

b PUSH

- These Contents ame moved to Centan mamony Wa@d®NS
yens whith Wet

OPeraiton - Afrer Lomplehmg the 0peaatdng MOLE con oxf
Qoved N 4ng memony are tans Geaned batk. jo e MTSMS bz’

Oqurroq %
- The memony  locatiing wept foa thi punpose T called Stack .

Statk Top :- The lagt Mesmons locatiory of ta occupied poruroﬂ
6F tne Stack TS called Stacktop. .

Srack Doinden - A Specral Puapo® 6-bFH regrsiel Known % L
Stock pomfen Wolds the addust sf StackdoP. ;’

Next tocation cwnilabie

o3l
gP

\ .
i 49

lo®s =
S~ gtack top locat™n

tos4 | =

- Data ane Stomed in the Stack on lagt-in -Frast-od (LIFO) preinaple.

- Push - To add an é&lement 40 tha Stack.
- Pop - To nemove an element Prom the Slack.

)




Inieraup}
When  micrioprocestor eceves any inptarupi Srgnal Frgm perziphenals
Whick one requestng +S semvwet , {t Slopg f cunnent exewdivn
& pProgram contreo] 5 transfenned 4o a Sub- outrne by generaima
CALL Stgnal & oflen execwtma Sub-noudine by 9Wm5 QET
Si9na) agan Pregrmem Contis! T fransfened to Main  pregram
from where t had Stopped .

HeouZClwa e & Sofhuvarre iNi€ Treupls

- When microprocesfons meceive indenaupt Lignals thnough Pins of
MCROPROCNOT ey Qal Kaown a3 Hardware int€naupts:
" Tl ame 5 Hardware Merewpis N 8085 micRopruxeSfOn « They ang
INTA,RST 35 ,RST (5 ,RsT 5-5 , TRAP.
Softwane inlemnupts ant those which ant ingeried i be.hu!tn thi
priogram whilh meanS thile ane mnemonicS uf ""C"Ol’w(e”o"'
-Therte ane @ Soffunne (ntertaupts (N Fo§ s mrcee preocesfor - They
orre RST p, RST 1, RETQ ,RST 3, RST 4, RST S . RST &, RST -

vectoed & Non-vectored inte€nnupds

th have Pixed Veclort addmesS &

. yectorted (ntearupit are theose wh
contme| S jrtans fenned Ao thad

afrer  executing 4hese . Prrogradm

addness -
o vectorned Aleaqupts aae wose 1A which vector addmass
on - 1
i pn.eAERned The ©ntemuupling device gves the addrest of
no
gub- ouwtne £fore Anpse nkeutupts

TNTR (S the only non-vecbred inferaup] 7S 8085 MICLOPROCEADIT -



Maskabe & Non masKable Intertrtupts

‘ = (4 noned
MagsKable F’\‘*Cltnupfg are thopse whith can be d,gabled or. {9no 2
i ~4iggen
by AL MiCwspridcessort. Twase infeneupis artl cithin edge-nigye
o level-iniggened ,9p they con be drsabled -

- INTR, @ST 35, pgT 46, RET 5.5 ang maskable ntemruprs

g0¢s M TCOPROCesSom -
" Non magkable infenauply anp those whicth (an hot be odirtable orc
f%“bﬂ—ed b'd MTCKOPROCQ(;;O(L,
level
- TRAP S 0 non-matkable infentupt. [t consis «f both
A% well ag edge trtiggerzmg -

Prionity «f Inlemnup ke A8

i
(Taap Hrghesd 1’;
RST 15 \
RST 65 ;
RET 5:5

INT R Lowes }



OPcode % oOperand ,

€ach ingstauckion contains 4we parts . operation code Copeede) & Operand
OPtede ' The fenst Paet of an ingtrucon which gpecrfrec the fask fobe
Perfornmed by 4ne computert S calted opcode

OPerand | The Second Pard of the inShruction S e
N, and it 1S called oPeewand -

dota to be operated

- The operrand given A 4t tngirauction may be in various fornm( such

as €-bit ot lGe-bit data , §-bit ot 16-bit address , intennal regrsteres
Ot Qa reegisten on mempny locaton.

- In Some Nshrructions twe operand X Tmplicit-

- Whan ofPerand (% a registen ot (¢ undenStoed that tne clata S
e Content uf +he negriien -

Tneirructtion word Size

3 dypes:

®© 1-Byle nStreuckion
@ 2-Byde StaucHon
® 3-8yt INSHructN

(D one-Ryje anGtauction

A 1-Byie inStruction includes ne opcode & Ane operand A thi Same Byie.

4 MoV 4, 1}

- Copy the Content «f 4ne R negmice n Accumulator .

ADD B

- Add tu tondent of regitien B b g ondent of the accumulaton
CMA

- Tavend oca Complemend gacn bt A the acwmulator



@ Two Byre wgtrudiion '

) - ‘s [£24 01:(0&6
-Ia o two-byle iNsteuciion e oy bute of the eStuetion
& 4ne 9nd biie S edhen datn or addieLS .

&
MVI B, o5

move data 08 4o negisten
IN 0

e o accumulator .
Alcest dato byle from an pd device & Place it 0 ™

® Three Byie nSirtuckion

In a Yheee byle thctruction Ane 4c4 bute &f 4he (nstzuchon € O

opcode & Me and & 3nd byres ane erthor [o-bit olate o lebTt
address .

& ! #
LXT H, 24004
load H-L pain i, 24 004

DA 9%ooH

Get tne Conter of bng memony locairon 2560H ato Gleumulodom -




Tnstruckion Set of 8085

Yaka Trancfen

MOV n' /ﬂl—

Move cContent gf My MEiSter 4y M, nLgitier -

? MoV A, 2 L(Dﬂm‘h \ft nle-’S-k_fl. B moves 4o WRMA]

1 &ﬂ{c mS"QUOh’Oq.

Mov r, py

- Move tontent ¢ Memonry 4o regriben 1.
=) &[]

T The tondent oF the memory locaton , whoge Selints

¢S N
H-L pain , ¥ moved 4o registea.

= 1-834-{ inSHruwed on .

(‘\‘MOV M, T

- Move e ontent of negisted to Memory .

M-11] « (v
x
F Mov m,¢ [(moves Condeny (o g il C 40 4ue Memouj location
Whose addeest 5 i H-L pain ]
MVT rt,data

—Move immediade datn 4o negitten.

-3 T @ 2-Bgle wgnuctng . 45t Byke T Opody |, 20d Lyte
data

Z MVI 4,15 [ data 15 moves 4o negmien A)



MV
I ™M, date

-Move mmedrade datn to "\UnoaJ

-~ 2 Ryje (NSt reuciron .
Mvi ™M, 50 (move 5p o mmnow(a&toq whote addnesl T M

Hu m_"m]

XL M, date 16 bit

T bad \(ogp cmmedrate dota onto st pai® e

anrg .
- T8 LxTn 5 mendmned , o4 clepores HL P

&x
LXI W, 2050y

-

[1+ 10ads 2050 o HL Paik
A e Byte MSuction . 1St Byl oS Lxi B, 2nel Tyke
(5 2W0& 24 gye of SO - .

LDA address

The ontent of tne  Mmemony Wcatipn specdfied N g ‘enflruchon
T oaded o 1wl accumulaton -

23 DA 2020H (_content ¢T 3020 moves +o &ccun‘\u.lcdorc]

£+ ot 4 5By miiucton

€TA oaddregs

The Content of e aleumuwlodon (3 Stored N Phai rruz,mon.j
Wweaton Specfed 10 Mo Nstawdion -

X

—
-

STA 6523y [LContent of acumwladon, Shore ) 65231 ]



LDAX np
e

The COMEt (f tng memomy  WOGHDN | whose oddmgs 5 T et
ﬂlwgbl Pairt mp, ¢ loaded OMp e accumuleton

2x
=DAX B Cwad twe Condent ¢ e memony Wweat™n whose

addaatt g i fwe B-Cpain. tato T acamdatoe)

" IF T a 4By (StruA™A |

STﬂX e

The wntent of acCcumulatort 3 SHOMed M T mm:)

WCakdn  whose memomy addeets 7 o e meglidel pare p

ex

= STAX D (storme +uo contend of fue Gaumwlator. in e
memony Beatvn  whose addnd{ @ DE poin.]

~3r § '@ 1 -Cdwe nstauction .

Aﬂ.{"'hl‘f\m G\rugup

ADD L |

— The tonfent ¢F giTion rt 5 added 40 twa Contenl of 4up
aCumalatort & 4n2 Sum S placed N e atatmulador -

ADD M

Twe ontent f MeMony locakdn addnerfedl by M- paift
€3 added 4o o Contend  of e acamulatod -

ADI data
The mmediate dota 3 added 40 4he content of the accumuledor.

2 apf 551

- 1L P nStauctdn



SV ro

- Twe Content f eglien n gy gubmmacted From 1 e
ot ™M accumuator -

- The result <5 placed i ho a ¢ cumuroto.
SV daa

T The mmedrade data 5 Subtnackd fom tne Contentf
m.
Acomulator . Tie msult (f plated, on L QLCAM

InNnp (3

T W wntent of reqin ooy anceemenked by 002
(M) <= (=] +1

INR M

e Cnden] of fne manony locat®O  addnested by Hlpar
S DNCeemented 'oJ 0ng -

(B-13] «— (@] +

D

The Condent (2 23T ten. T ¢ Jecntmenied by one -
Dce. ™

the condeny o ™e Meruowj Locqu addnedied bd H-L. Paire
olecnemgnied ba ong, .

TNX e

The ontent o hue regron Pain P o ncrgmented by one.
Dex np

———

Tut tondent «f hye negisden. pain. p § deCrdmen e by Ong -
@



LogTcal (oup

ANA

The tondent of gt L 4 ANDed withy 4ue tontert «f

we acttumulaton & redudd T placed M e gecumudoadon

ANT  data

The dala S ANDed with +we content of 2 Qceumulator

- 2 Byte nstauctcon

ORA

The content of megmsien m @1 oRed widn +g conien)
the acuumalaton, .

ORI data

. + o
The data TN 4we taStasctnn (S oped witw Tl conten
™ML acwmuwlatorz

XA 1

Twe content o2 negiTien . ¢ XORed with +ue contend of
™me afcumudaton .

CMC

T canny Hoy 5 complemented -
RLc

The content «f e acoumulator i fotated left by one b

b
ARc

Twe N W Wl accumulaton. ©F Rotakd rught by on bcd -
R AR

Twe tonkent 7 tae accwmulaton 3 notated ndhi ore b4 hnough canny



@ W I @O

o 1 ZJ—J R

E@ 5 @J (RAR-)

Breanch Omoup

IN7Z  addrey

The PrOJaam jumpPs 4o fwe NSiuuckion Spectfred by fhi
addaess , rf twe netudt T Non-Zewp

JC  addaets

The program Jumps +0 e M ShucHon S?"-Cmd bd L

addnidl (4 tane § O Carey .

INC addasf(

The '
prognam jumps 4o o mshuctnn  spectfred ) e addness
of twane I no carey .

JZ addnesg

The Progmam jumps to the w@nuction Specified by dhe addneds
(£ Awg nreswd (S Zero - '



Ado\m,ssma Mode

Thene ang vVarioug +echniques to Spw*j data {oﬂ. MnuctionNs

™ese teenmiques ane caned addnesting ModRS

! Oinedl addnessmg pmode

2 Regroien Ow\dnusma modL

3 . Regritea. mdling ot addnLating mogde
4 . Tamedmie addressmg Mol

5. Lmplicit adolw(.-r\ﬁ mocle,

"' Dinect Addnesing moge

- In HY mode of AddnIiNG  +.4 address ¢f 4wl Openand
OVeN T WML ingtauckon thelf

X STA toooH

[Store twe wntend of tue accumulatort  1n Ahe memony Lo cechiny
teoo tt |

17 Regided Addnetsing mode

In negmdea adduastng mode e operond T3 i one of Thi
genenol Puapose negriens

2 mov A,

(mow the (entent o negriipn 0 4o regtien, A

3+ Reogisle mding e addneitma ppde
= Vv .

TN 8 mode of addflMCWLﬂ e addaeft of twe openand ¢
Specified by & egTin paint -
12 Mov A, M
Move e onkead of fat memoay locadidn ,whose addatis & N
Hi pait 4o thi afeumoloto@




A Tmmediale Addaatime mod.e

In tmmediale addasismg mode twa operand 3 specified Witni0
e NShuction el .

-

MVI A, A5  (move A5 +o megihn 47

ADI o [ Add 10 4o Me Conknt ¢t Tt accormulator ]

5 Tmplicry Addreessing mode CImplitd Addnpssing mode)

adﬂ‘M o dah T4

These ctnuctdng plo not requml 4 he
T mplied in ha  NGueon  (HEE

cmC (Complemint 4nt canny Fag’]

AL [ﬂohue accumulaton  teft miough Gmn.jj




InStraction Cyce

Xecuwlt one Complete  (nhrpucton -
Tue NGttt Cyele & ) ppo pants -
1. Fereh tyee

2. Execwtt Cv e

e
efeh czug

TThTS T+l domg Meguined by the mMicrRoPrOCElson 4o feton all by tes
Q'f an  actruuction .

= The le}\gh-\ uf wa  FPeden Cycle % dhut WMMCO\ bU 2 no. (jzf
bdm N an Ontreacdion .

Execuwtton Cycle

Twis is the tme requined by he microproceston to execude o
feicnmed nttriucton

T-8iat€

A T-state S one clock cycle of +we micCiroproCef fore -

T = cloek peaiod = |/clock‘¢rz_zq,uenuj

Maching Cycle

T4 ©S 4+ AML requined by ML microprocesson doing one opeaaion
& oalcexsmg oONne byt Hnom tne external Mod“'e'O“U“O";j o I /o)




T"Mi“g Dragram

Opcode Teteh

"~ TS cycle © wied to feen twe Opeede Frgm e memony.
-TAT S the L3t machine Cycle UF eveny coastnetion:

ST I go.neruu.(j ot 4T Stairey b"d forn Fome m.{{mﬁfoq 41 6T.
Dwz‘mﬁ T,

T Ais~As Cortamg the highen byl of 4no addeest (PCH)
- AS ALE i< hgh AD;-Ap, Contninf fhe lowee hyte ¢ -he addrerf (PcL)

Since it T an opewode fepch ‘e, S 4 S go high

°f] oPeration MO/ goes low

- Dada. mermaing on AD7 -AD, ttl pp (7 Low

Duruc\a Ta

- Ta Staie T wied by Ane muropascessor 4o decode 1t DPrede.

Opertation TO/J Ffb w R = Se T- Stade

TO wrie I I 0 ©

—

opwde fereh | O O 1 1 1 o A
Memory Read | O o || | | O 3
Memoty wefe| p | 0 O ' 3
fO0 Read | | |O |t | ']|O 3

2



.r| T ‘T3 "]'1

i Ui e e Ve
Aig-hg 5(_ PcH Unsp
AD,-Ap,, | ) Pet D obeode |}~
ALE |
oM |\ |
s, |/
So J
i ] / ,
We | ‘
Memomj Read

- Thrs cycle % wied to fich one byke Rom e ﬂumomJ_

- Twis cycle Can be wed to fich th2  oOperand 'bﬁts of an

intrnuction ot any data HFrom A memon Yy

- 14 requines 3T siates.

O"‘q'iﬂ Tv

- AlS’AS Cbrwamg e h'rghen‘ byhe of the addaeit (Pew)

As ALE (S high ,AD3-AD, Confaing the lowen by le ‘(r? e
addeefs (Pey).



e & 0 memony Quad cycke . S, goes Mah &) % gt o0
- 8ce ¢4 § a memony  operation , JO/M goet low -
Dm?'\ﬂ Ta
- ALE goes low

T Addnys T emoved Rwm AD4-AD,
- AS QD gou low .dda oPPeaM on AD;-AOQ

D“nf!j Ty

* Doda  ramaang on AD;-ADs Il RD 5 low
LT T
coee N /NS s
Ais - Ag | X_ HOM A
o0 Vi) (o
ALE 2 G

10/f | .\

- -

g | |
g% N
"D
Al eyl
we

Memoli Wil

- Twe Cyde (S wed 4o Send One byl o 4ne menory .

- It nequines 3 T-sjates




" As ALe TS WGh- AD3-AD, containg Ane towea byte of 1he
oddnets (PCL)

- Since ¢t T a Memonry unike opexation , S, goet high & 8, geel
Low

- Binee (+ (S a Memoay bperation I0/M goet low-

Dueing To.

-ALE 99¢8 Low

- Addasit &5 cemovedl Fromy 4Dy AT

. Doda apanS pn AD%'ADQ
During Ta |

& WR goes low -

- Data nemaing on Apyl

. B i
afé’« [\x Wea W
At X ooma |
A0 -AD, [ioma DATA "
ALE |
10/ L
'
<, /
xs
W kBEE
;




10 2 /

= TR cycle (s wied ko Aeich one byle fhom an TO poet
It requing 3 T-Stases
‘Duut\ﬁ T
" The lower & biks of te 10 pont addrats ane upliceted el
WghUL ordea  addrege by A -Ag.
AS ALE S nNBh ADI-AD, contming The lower by F 2 oddreek f
- SNce 4 S a rwad OPeratidn £ goet hmh & £o Jout e
MNCe it ¢ an Ip openaddn 10/ qoes high -
D“"-ma To
T Addigrs T removed from  AD;-AD,
- As Rp ot low . date aPpears gn 401"‘00-5.
L

Tu ftt'?\j T%

- Daja
femaing on AD;-ADp +1| RD it Llow

T T T3
Clock \J Ih_/
hs-iy N [ E
' AD-ag, Xﬂ& i[Ot
ALt
Lo/am

A
/;‘\

o



10 Wrtile ' |
-’T:’\TS cycle TS uled to send one byl intp an IO port:
&t requraey,  I-T Stades |

Durwxa T

Tha
lowen @ biks of pa To Pont adde)s anre duplicaked o +the |
Wighen onden oaddney Dug A|5cAg |

As ALE i3 Wigh AD,-aq, Contamsg e lowert byke (F te addreeys

' \ !
) w
> 2
~ ™

- ALE goef Low
- AddaedS 1 remowved From ADs -AD
" o

“Dada aing BN AD3-ADo 4l RO £S low.

>

o
b
o it
Ee
o

¢
“\




Timing Dragrram dor 8OE5 wstnucirons

MVl 8, 25H

opcodk Petth —3 4 T- gradec
et B 7 MR S, g S

LX1 B 2000H

Wcodﬁ th —_ q T‘S'OJCS

Memony Read — 5 T-States
Memony Read -3 3 T-Stares

LDA 20004

opeode Feich — 4 T-Shades
Memory pead — S TStaded
Memon fead — 3 T-Shraleq

Memory Qead - 3 T-Staig

MoV 3, ¢

opcode fetehh, — 4 T-Stades

TN ™M

oncode feten —3 4 TStaked
Memory Read - 3 Ty Stateg

OovT goH
S L

opcode Ferth —3 A T-Stokf
Mmen Read — I T-Shaiel

e&-'

.



Counte

F\.

apprco Pn{a)e Aum bert

p A oun Jea_ S w;gnd g.'\'np\” ba boo:im@ an

‘ one )
Mo one of ke regmies g whing e INPS ¢ 1ncrement T

on¥

o the Dcnp CDecnement By one ) (NSheultions -

" A op IS established 4 update the cound - reached
- kaeh Cound s Checked +o -debeaming i -

Ang £nal number;if ot th Loop (S rapeated

L

Iniraliz€ |

Time Delay

. Twe Prpcedund uled +o design a speci £ ¢ deley & smilag

to 4dhati Wed o sex up a countew.

A reeisten S loaded with a numbea, dependitg on the tme delay

rwaured . and N the egisten oS decremendttd  until (4 meeackeg
zeno by Sty up a loop with a ConditioNad JumP  InShauciton.

Twe loop causel tue deday, Jepend™g upen 4wy clock.
peiod of the Lytiem .



DCCmemgq{
Registen

Time O&la.u US‘“DJ 0Ne RogiSiert

- A :
Couni ¢S loaded in a negsten , and we can ure o lop +o
pricduce @ Cemdain amount of 4ime Mad (N a pPogmom -

Delay MVl B, 8 bil Count T T-States
Loop Dce B 4 T-States
INZ  Leop 10/3 T-Shadtes

Totald ; -
No- ¢ T-Skares - T-stater ouwrSice the loop+ T-States f
il loop

— ronal ’ - .
tonditio jump  Cnstruction  needs | p T-Staley when O 7 umps
on Anue &  needs F T-srales when Aaise ot exit e (00p

- 1% cloe HFroquen
ca S amMHz , Clock e pe.ruod T:= .JL:N
H

one T-Stale = 0-5 whec

- D5leL
.



UM mequined 4o execute MVl inStruchmn -

3 T-Stakl

-} x0'5 HS&c
- 9.5 &L 35ecC

m
= Mox count can be Fryee (255),

- Time de.lad (& the Lloop (S

(AT +107) X@SG'!)%’(“T'”T)

C T4 S tue Horz 264 NimoS & HRalse once )

4T X254 4 |T= 14 X005 % 254 + 11X05

Tobal 4ime delay = 35 +13%8 + 55 =

1376 + 55 = | 3835 wsec

138F MSec

Trme Ddau Wsing o Regrsiea pairt

; UQI’ BC with lbe (OU"\* ) IOT

Delay © LXI B g bit Coun i
lep ! Dex B ; Deerement BC B3 one j 6T
mov A, C ; place onknds of € 10 A ) AT
ORrRA B ; DR B with C 5 5T
JNZ Loop » 11 nesutd 20, iump back Yoloop ;0/37T
- Time oeley ¢ LXT Mhmudnn @ LoT = 10X0:5 =5 usec
- Maximum (ount can he FFFEH (e LGS'%'SB'),O

- T ome al?,‘O.j Of the lWOP

.o Totad Time Doy

P (EtAt4HI0)T X 65534 + (64 4+44+3)T

29T X658534 + 01T

24 X055 X65534 + L\ x0-5
0.5 = F%6418:5 user

F5640% +

5+386418:5= 1864235 usec = I6¢-923m¢



Timg Delayy using G LoOP within @ Loop

MVI @, countl | moye toundd 4o B $FT
Loepa: MVl ¢, Count2  ; mpve Counja to C ;T
LoopPd ; DCcR C . Decrement Contentef (I i

Trz. Loopd 5 £ nasdt Ao jump back o WPt S 10T

Oce '8 ; Desriemunt tonkent ¢¥ 8 811 4T
INE Leepd 5 % reguly #20, jump back to o2 T

3T = 3x05 = 55 mIeC

Tome Delay of Myl I (ngtauckion
Maxomum (ount can' P2 FF B0 (pbuntlimax =04t 2max =FF

- Timg Doy «f loopt ;  (0+4)Tx 254 +@+¥T -
|4 x0-5 X254 + |1 ¥0°3

| F83:5 wsec

\F}

- Teme Oehay of loop2 @ 255 [Tweps y211] -3T7

355 [ I18%5 +21X05] - 3 X0

255 x 1144 - 'S

4534 .5 #3EC

1

- Totadl Tot Delay . Time «f LooP2 + B.5ulec
- 453473.9 + 35
. 453415 usec

- 457-4%5 msec

Nol€
s
using NOP mSdnuciton ‘-

4 T-State @ 4 xo5 MSELC = Qusec




Asg
Mﬂe Programming «f gog6

exi
e Place 5C n regisken B,

Mvli g, 5¢ ( 5c s moved #o eegiitec B

HiT
(step ]

=2 : Place -
05 i the GlCumuladon - Tncriement &t by one 4 Store
the TeESult  ©n bhe ocatDn 2050 H

Pruoguan
MVI 4,05 (05 s moved 40 A, A <05 ]
FNB: 4 [ Incaement +he content of A 7 1]
STA 2050 ¢ ( Store Conkent of A in 2050H]
HLT [ Hatt /etop

5 1 Addition of +two G-bit numbers , Gum € bt
Add 49H & S56H
Tne 45t numben. 44H O N ‘e memonry locatfon 2501 H
The 2nd Mumber 56H (S in the PEMO LYy Wwcattor] 26092 H
Twe reswtt S to ke Storned in e memony location 250%H

Progaam
LXL  H,205! H ( HL pain & 205/ ]
MoV A, M [ move contentat M to AT
INX H [ Inenement (ontnt f H-L pain]
ADD M [ Add Content ot M & 4 7

[ Store content o A in25037
[ Ha4  Cstep)]

STA 250% H

HLT




AL wruite a priogam on ALP yo Suwbteadd two 8-bit Aumber -

st numbee § (0 250\ H , 2nd numbea S in 25027 &

’

Stone 4+h8 neguld N 2503 H

fa0gea m
LXI H, 2601 K ( HL «— 250173
MOV A4, M ( move Conkent of M +o A}
INX W [ H-L pain mcaemented by 17
SuB ™ [ Subhract onkend o7 M Fom A
INX  H [ Increment ML paic oy 1]
MOV M, A [ Stone ontkent @t A n M)
HLT [ Hatd /stop ]

@xsg :

Wit o progaam 40 add +wo ¢-bid numberc . Sum S |6 bt

1s} Numbea —) 260| , 2nd number — 2501 , twl) —32503,2504

priogaan

LXI H,250| 4 ( vo ~ 25017

MVI ¢,o00° [ move 00 0 C7)

mMov A, M [ Move tontent st M 4o A]
INx H [ KL pain nengmented by 20e 7]
ADD M [ Add content F A & ™M)
TNC AHEAD ( £f nocaeny Ahen gotoAHEAD)
INR. ¢ [ Incaement Conkent ot 'Cly one’]

Awean  STA 25p32 [ stone conkent 6t A (N 25037

MOV A, ¢ (_Move tontens o1 ¢ to A ]
STA 2504 v [ stone Content cf A to 2504 ]

HLT ( ratt ]



Skip

%1 pecima) addition

Sates

LAt W %200 |
MOV 4, m
INX W
CMP m
JC  skp
MoV A, M
INX H
MOV ™M a4
HLT

LXI W ,a501H

MV C,o0
MOV A, M
INX H
ADD ™
DAA

JNC AHEAD
INL C
STA 2502
MoV 4, C

STA 2504H

HLT

of hwo g-bil numbenr s, Sum

[ HL « 3001 ] :
A
LMovc content ot ™M to

( Tnecemend H-L pairt by 1]
( A-m ]

( Jump if Corny =1

[ move content b ™ 1O A7
[ Incaement HL Pate Py 2 T
[ move content of 4 to M7

(_StoP / Hoat )
s \6 by -

[ H-L & 23014]

(¢ &=o007]
(aem ALY

[H-L &= Ht) i@ 25024 ]

[ Add comtent ot AL ™M)
( Decimal Adyutt Accumuator ]

(12 caany =0 .90 to AHEAD )

[ Tncrement 1)

[store accumulan ™io 2503H]
(move C %o A |
[Sione A olo 2S04H]

[ Aaiq3



“x€': f
@3 000 pmplemend ¢ an  g-bit Number

Progrram

LDA 250IH
CM A
STA 2501H
ALT

(_S*Ort( the (micnhr# 2501 N A’J

( complement 4he conend oF A7

[ Stome fne content uF A i 2602}

[ Radt ]

Lxa:
xq 1 fod hwo't womplement (4 an g-biF Numbea -

pasgram

LDA  250) K

C™MA
INR A

STA 2502 H

HLT

[ load A with contentet 25011
(_complemend Yhi Content AA]

[ Thcnement Thi corient o+ 4’
[ store +he content of A 0250

{Haat 7}

ex 10 ! wryde a program o fmd He langelt Aumben A g deds Arnsy .

Paog Lo

Loop

AneAD "

LXxI H,6 2500H

mov  (C, M

INX H

Mov AWM
Dcpe C
TN X ¥
CMPp ™M
TNC AHEAD
Mov A, M
DR C
TINZ LooP
STA 2450

HLUT

[ H-L prir & 2500 )
Ceant) [ Move Ahg tondent vk M €0 €3

(Iacnemenq M- pain |
( move content of M 40 A 7\
[ Decrument dhe coniant oF [

(_.Jr\c«—cmm# Hi pain’|
[Compaﬂl M with A3

EJumP AHERD £ no canrz\_"'}
[ Move the watent «f M o A7

( Decnement twe condeng o €7
(JumP Loop F neguit Gnot 07
[S+onz tonktnt ot A @0 '1450}

[ matt ]



M M\O‘\J 1 (\k“pa(‘ ‘\q

Twe addnreys of a Memo rty

Owr by e micaoprocesfon -

LocaxTon ort an 1/0 device « 8enid

The Cormsponding mMemorty chip

on. I/p device €5 Selected by 2 decoding circuit -
Y.
h———3 PRON
e i PROM
Cwip Ze lec KA
rgmus Y :;m
DC(Odeﬂ i i pA m
V; ]} unusedu
A bl pegerty
IO/M Enable e sy
e 'I‘\?“’ gevice
Enable / 1“9“‘ d;:.‘e(_e
ki %u:;;':, deviCL
R ee vaased
T/o Device ;‘ie'&»w dq—unz
Serecd
Srgnals
1
’ ~—{ eveon ]
g~ ;
Al 5 4, p——{eprom2 |
LA v P
Jass P [Ram2]
| Q) f
Vv
W vy p——>[Ram3)
9
2A
: y, p——{eams |
A
2
b | RAM &
\/Cc C’n 1 L__,_-J

(ND

G, ,GlA, G283 are enable Smmnals.



© To enable 4ne chip , G, Souwld be high. and Q24 and (g
Sowd he Lw . A,B and C are Select Lines

By aplyng  propea gic fo Select Lines ony one ot e oubpads
Can be =elected -

il i - :
¢ Y7 are 8 owpuk Lings - An outPud  Ungs goes low
Wen ¢t 18 Qelecred - Other  output UNeS  memam hrgh .

Decoden outpus Memony device menmony Wcaton addaei
Yo EPROM 1 oooo to AFFF -
Y, EpaoM 2 9000 +o SFFF
0 BAM 1 4000 +o SFFF
1 RAM 2 ; Looo +o 1FFF
Y4 AM T goov 4o 9FFF
15 PAM 4 sose 4o BFFF
Ve BAM S cooo 4o DFFF
7, o cooo o FFFF

R pe— o oddwr hes been olivided to @ zores .

- Addmegs Unes Aig, Ay % Ay have been applied 10 g

Releck Lnes &, p ang C otue cddneds Uneg A, 4,

AL,.- and A go otmu,ﬂj +o nrwmon.j C.h‘.p




1o Indenfacng

Ao —! ? :
Bl 1 p—{paened
e y, p—opd evicez]
ﬁ(“ "2 D—ﬁ_f;d pevite >
ho > Gag Y, plosipd bevice |
M 3415138 1y o—{oulpu! pevice 3|
1 Device 3
962 2 o—{oPd
g ‘1‘ — ynused %Q
o <= ,l § futurre
I Gy % o> ) txpansion
AV
A
[ | @no

- Ag the addnetS of an I/p cdevice ©3 “@ g bits., 0“';] As~Ag
Lnes 6f addrew bus gee ufed Ffor T/p addredling .

have, been appl?cd 4t Select

. The addnregs Llines Ac, Aa & Aw
- g ank

wnes A ,p &¢ of i chiP | Tha addess Lines A

aoptied t0 G2B  fhaough a NAND gate.

2R becomes low only when ol address Lmes AnAisantd.

d dma »

A Alg Ay A Ay Aw Aq Ag 05/;‘63:“ C:::m ma T/o Qevice

[ . | V 0o 0O Yo % Tapud Device 1

T T GRS CHNE - < ¢ Y, Fq TApd Device 2
L+ y 1 | © \ 0o A FA 1apud Devite 5
I 1 1+ 1 1 o L A FB outpud Device

| |+t |\ ©0 Ya Fc putpt Device 2
\ Lo 1 1 o | Ve FD putpad Pevitel
1 4 2 vy b b 1e FE n uted

U VA SN S T I T % FF Unised

|




Programmable peaipheal Intrface 8255

. : Face -
- Twe el @255 S Q programmable peipheaal ¢N1eT

- %S mgin Funcdions ace 4o indenfoce penipheaal devices "o

the micaolompulest ¢

- 1t haxt thwee @-bit pPortc ,Nnamely pored A, port B & port C -

The port C has been fuwtnen devided onio +wo of 4 -bEt poris,

e port C uppen & portC (lowew .

—
Supplies | 3 ND Group C%
Contred)
Ridinectional Data Bus
Daia
-D 4:> Bus
DJ ° Bupior 2-biq —'>
N Indennal
Dala
Cuoup
Bus, 'y T/o0
A\
Poat C Q—_—?! A
Laiibes PCy-PG
T3} |

we Rtad CArtoup |
‘:\1 e C*":“P Ilo
(onmnl Coms) i 06, P8y
RESET ——6\“’56 ) |




- The portiS gne divided mb  4wo qroups (e GRoup A &
Chaoup B ,

Group A has port A 4 Cuﬂ,e,,_ wheae a3 Cnoup 3 has

Pork B & Ciniee

~ Gach port

Can be Progrnommed @ethen a$ an Cnpui Porl" ow
outpud  por t

Chip Sek.ci (Es)

A low oA 4nmt  tApuy Selects e chip ond enables dhe
Commu niCaiton  between ing 82159 & 4the CPUL-

RO CRead)

when  4hTS  £i9nal
VT EN

‘S bw B255 Lade cut date orn Skt
tofotmadmn to 4twe  cpu 0N 1he daja bus ,

WR Cwnite )

A low 0N 4wis toput PiD enables e CPUL to wrile
oata or  Condro| wonds into 12 gag5g .

'| c PU ¢ 255

Al,AD

—_—

The  Zelechon of porS & Control word regisher T3 done.
\L&N‘d Ac & AL Ia onjunciion goidn E,_o & Wk~ -




Input operatron

Al m | @ | o | &

o\l o ®) | @) poMA-—%OaAawa
ol 1+ | o | 1 | o | PrtB = Dar by
(o | o t | 0| pordc = Dot bus
T o | O | control wond — Doda Duk

owirnd  Operation

0 | Dotsbut~ pont A
O Dasa bwt — P"“* B

O Date buy — ponrd C
0 | pato buws > contna w20

PESET

A high on AT inpud Pon clears tne contasl reg'Sten &

ol portkk (A, p,c ) ane (ntidlized 4o onpt mode: This TS
Connecked 4o pEesgr our «F PTCTLO Processore -

Pord 4, R,

- These ane g-bid cnput foutpud pPored .

- Thej have one ¢kt data Outpd ladeh /buffen & one %-bd
il Lo tch.

(houp A & Ciresp B comtrol

- The funchonal ConBguiladnn of each Pord T3 Pregrammes)
by W Pystenn SoFtwane.

The Contrwl wonds gwven by +tw CPU. Confioune Hag
associated pPots F e each of e fwo Groupg .



- I ‘ek
e contno) wonds cordaing  n Boamadion ke mode. ¥
Cof"—?'r'aufwqu “'il'

et fhe fnat initTalizes twe —Punctional
fR2r55
- Comtnal word 3 writen ind  the onvinel megiTiec Py

™ML CPU ¢f 4ue miraoprocesSor -
- No rnead openativn S atSocodtd wihn Tt .

Vara Bt Dubten

- M IS an §bT buffen wled fo vdenface fne ChIp o the
Syslem  olata but . |

= Dada *rzAKSmT&\fq ot meceived by twa buffer wpon
execudtrony of IN o OUT NSrucitons by 1wl the CPU -

Read /wn e Contro | bostc

- It Runction  tp contnol  ame intennal  openaton 6F fwi
dENICe and o Contno| 4ne tnanSfen ot doda 3 contao|
O Ctatusg wortd

- It acepik  ioputs Bromn twe CPU aodlolmesS & Contro| bwes
and N turn SSue s commandsg to bot. 4ne Control
Yuoups .

OPeaaﬁmi Modes of €255

B255 hat 7 modes «f operodton .
O Mode 0 - Smple Pt /oud put

@ Mode | - SH0bed npud/ouwtput
(&) mode 2. - Bdinetional pond



Comno\ wond

3¢5 4310

Contte| wond Bits — D___L_L_l,\ e

By No. 0. 1t s forn Pond wa"_. To Make Pom,’ Cilowien, O (ﬂPM Pon'{“

tre bt 5 Set do 1 % 4o mave pudpad pord , bit & Zekte O
B4 No. 1 .

"It s R Pont B.To make pord B an mpud pond ,the bit TS
Set 4o 1 & To make owtput porrt ,4ha bit € 3et +o O
Bi1 po. 9 -

Tt 05 B tug Belectton ot 4ne mode e e pord 1, IF
tht pont B hat do pperade n modl O, the bif TS el

O 0- For m™Mode {1 operration of 4nma Domt By , it S Set
to0 1.

Bd NO-Z . T4 13 for the pont Cupper - To make POvY Cuppen 0N iapd POZh
e bt 0 2k ot & fo make ouwlpyt ponrt, hit 8 St o O
B NO-4 1t S Rz pond AT, make port A an inPud Port , thg bTY
s set to 1 & 4o make Pomt A an output port it S sekdo O,

BiinMo 54 6 i~ Tuete bk arne to delneg the Opencding mede of the

Portd A
Bt No. 6 B% No. 5 mMode «f pord A
0 O mMode. D
O | mode 1
0 0/1 mode 2L

Bit No. 3 ‘.

T+ =t 40 1 if port A,2 & C are defned . ax

(Pt /output pored - T4 (S 8ed 40 p £ 4w (ndivical

Pins of the pory € ane fo be et oOr neset .




Traffic Light Contnaler

8265 5 wied to Connect between wmicropTo@IsoT & oulpud on
(put devices:

Pla O @

Pae O Y
P O R

PCg PCy N P¢, Pe, Pcy
000 , 4+ 00O
G Y R S R Y @

PB. O &
8 O Y
PR, O @&

Pord A (PAY = 0%

Pord & (pgy — 09
Port ¢ (pPc) — OA
Contreol wond negisten — OB

- All Ports of G265 have been pProgrammed O& oukpPud Ports
because LEDs are OGurput f microprocesgort -

- The Contrnol wonrd +o make all PontS ouiPut Ponts (N mode O
openation S €oH ( \ocovoopo) .

- Posidive logic has been used 4o Switch on LEDs .

® Red uah{ —) Qoes nol allpw (‘_rwgg‘-f\a

@ Yellow Lght = To make aler)
@ (neen \ighi -  Allow CrOSSING



’DC\aJl & Deloy L ame +wo Subnroutine used -

- Subnouding s a Progrnam which can be wled Leveral +HMEL

iN Many paogaam & Can be called wheneven nequited .

Pftomn_\
MV] A,BO0H
outT OR

AGAIN . NnyT A,OlH
OuT 019

OuT 0%

DVUT oA
CALL DEeLAY {1
MVI A, 22H
OUT DA
MVI A,02H
oUT 09
OQUT O%
CALL DELAY |

MVI A, 1L H

CuT oA

MVI 4,04 H
OUT O%
QuT o4

MVvI A,270H
OuT oa

(08 <%0 , select each portd ab outpet |

(o9 #or port B PR, &~ 01 ,Red oN |
(0% for pont A, PA &< 0Ol , Red oN ]

(oA for pontc , PC & 44 |, (areen ON J

(peLay 1 for 4tme delay )

[ Pont C.& 22, Yellow ON for. east,west ]

(Pt 2 & 02 |, Yellow ON fort. Bouwsth |
( portA & 0, Tellow ON  fHr Nortth ']

(Pot € & 11, ped oM %o east,west ]

[ PortA& D4, tineen o ~fon. NoO@th 1
(Pornte £ 04 , thneenn onN Ton ‘SOwth'}

[_Pofu' C & 27, Telow fon eq+,w+3



MVI A o024
OUT 0q (Pordt p& 02 , Yellow on for Louth”)
Out og ( PortA & 02 , VYellow ON Hr Nortn]

CALL DeLay 1

IMP AGAIN [ Repeat fon next cycle

De\od Pn,ognam ot  Subrowtine

DELAY I : Mvi %,130mH (R<2#7]
loop | : MVL €  FE H (¢ «FruT]
loop 2 “ MV] O, FF H (p & FfrH)
loop3 : DeR D
JNZ  |oop3 LCon»h’nue for 255 Wn&s]
Dee C
[conkinue o 255 4tmes |
INZ. loop 2
Der R
JN Z_ oop4 [ conymue foe 32 4mes’]
RET [Mhnf\ tp (nSacdion afiea

carl , when fiaithed
DELAY I © Mvi 8, l0H

IMP loop1 (wort 3 oOeLATI pregram

- DELAY D is Same a8 DELAY T with (loop-1 Conticue o (b 4omee
wherg af DELAY-L '8 loopl Contmue +Br T2 4mat .

- DELAY I & DELAYS ane fme delay Subnowling wied Lo hold
tne 4noffre 9wy for Some Lo .




